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Introduction

Thinking in Transformations


A transformation is easier to understand when you can account for every value it produces. We will start with a greeting, then an order header, then the amount for one line. Collections come after those small calculations are familiar. By the time several orders become a report, its pieces will already have names and tests.

This is the second Integration book. It assumes the Mule event, flows and Transform Message from MuleSoft from the Ground Up. It does not assume functional programming experience. The early chapters develop that way of working through expressions you can check by hand.

Start the companion

Install Docker, then obtain the companion repository:

git clone https://github.com/book-companion/dataweave-orders.git
cd dataweave-orders
make runner

Open http://127.0.0.1:4444. Choose the first chapter and Example 1 — Hello from DataWeave, then Run. The first build downloads the pinned tools; later starts reuse the image. Appendix A explains the other controls and the command-line route.

[image: Three strips of the DataWeave Runner. The first shows the Open menu set to 006, Read the order header, beside the Run button. The second shows the result header reporting exit 0 and how long the run took. The third shows the band beneath the result, headed Against the book, reporting Matches.]

Follow the examples in order

Examples are numbered continuously in the order they appear, including worked exercise answers. Each has a descriptive name and a corresponding numbered file under book/ in the companion. The Runner uses the same ordering. A later reference keeps the original example’s number; a changed script is a new example with its own number.

Read the input before the script, predict the result, then compare it with the output. A selector, an array and an object can contain similar field names while giving the next operation very different values. When the result surprises you, inspect that intermediate value before changing several lines at once.

The input fixtures grow with the lesson. A simple order header and a nested-customer header are named source variants, not interchangeable schemas. Later chapters introduce multiple orders, supplier files and a namespaced batch. The performance chapter uses its own generated dataset.

The learning path

Chapters 1–5 build one result from values, selections, decisions and functions. Chapters 6–10 introduce collections and object transformations. Chapters 11–16 combine those tools into reports, enrichment, contracts, reusable modules and text processing. Chapters 17–22 examine external formats and time values. Chapter 23 builds the complete report; chapter 24 investigates resource use.

The appendices hold the full Runner reference, advanced function techniques, additional runtime formats and a library reference. They preserve deeper investigations without making each one a prerequisite for the first useful transformation.

A checkpoint is an opportunity to work independently. Try the change before opening its answer. Answers are expanded in the ebook, so pause before reading on. Knowing why an ordinary example succeeds is only part of the task: an empty collection, an absent field or a boundary value can reveal a different assumption.

What the results establish

Most examples use DataWeave CLI 2.12.0, whose version command reports language runtime 2.12.2. %dw 2.0 declares the language family, not that engine release. The companion pins the CLI image so that the saved results have a reproducible starting point.

Selected Java, fixed-width, Excel and deferred-output examples retain separately recorded Mule 4.12.3 / DataWeave 2.12.3 / Java 17.0.13 evidence. Their sections distinguish the executed small probes from unrun broader behavior. A CLI run cannot verify a Mule connector or runtime boundary.

The Runner compares saved output text and exit status. Numerically equal values do not necessarily have identical serialized text. Clock readings and diagnostic object identities may also change between runs; the comparison notes identify those cases. An expected error is part of an example’s result, not an excuse to accept every failure.

Begin with Hello. There is no order total to decipher yet: the first task is to see how the body of a script becomes a value in its result pane.







Chapter

1

Your First DataWeave Script


Start with a script whose entire result you can see before running it. Open Example 1 — Hello from DataWeave in the companion Runner. The introduction explains how to start the Runner; keep its script and result panes visible together.

[image: Script header: %dw 2.0: output application/json. Body expression: { greeting::   "Hello, DataWeave!" }. JSON result: One object: One greeting field. The separator ends the header; the body constructs the value.]

Hello, then an order

Example 1 — Hello from DataWeave.

Companion source.

%dw 2.0
output application/json
---
{ greeting: "Hello, DataWeave!" }

Result:

{
  "greeting": "Hello, DataWeave!"
}

The result has one field, greeting, whose value is text. The braces enclose an object: a collection of named fields. A colon separates a field’s name from its value. Double quotes delimit the text itself.

The first line, %dw 2.0, identifies the language. It does not identify the engine’s release: the companion uses CLI 2.12.0 with runtime 2.12.2. output application/json selects the JSON writer, the component that turns the result into JSON text. The line --- ends the header. Everything below it is the body.

Here the body is the object expression. An expression produces a value when evaluated. This one produces the object that the writer prints. There is no separate instruction to print each field.

Change the greeting to Hello, Dana! and run it again. The input pane is unused: the text comes directly from the script. That makes this a useful first change because there is only one place the new value can have come from.

Example 2 — A fixed order header.

Companion source.

%dw 2.0
output application/json
---
{ orderId: "A-1001", customer: "Dana" }

Result:

{
  "orderId": "A-1001",
  "customer": "Dana"
}

The same body can describe an order header. It now contains two fields, separated by a comma. Their names tell the receiving system what the values mean. The order identifier and customer name are both literals, values written directly into the source.

DataWeave accepts the bare field names orderId and customer here; the JSON writer surrounds them with quotes in the output. That difference belongs to the two syntaxes. The name has not changed.

You can lay the two fields out on separate lines without changing the result. Whitespace makes the source easier to read; braces and commas establish the object structure.

The body supplies one value

Example 3 — Return a single value.

Companion source.

%dw 2.0
output application/json
---
"A-1001"

Result:

"A-1001"

An object is not compulsory. This script returns one string, so the JSON result is a quoted string. A valid script has one body expression; that expression decides the result’s shape. A receiver expecting an object would not be satisfied by this string even though both outputs are valid JSON.

Correcting a small mistake

Example 4 — A missing comma.

Companion source.

%dw 2.0
output application/json
---
{ orderId: "A-1001" customer: "Dana" }

Result (expected exit 255):

[ERROR] Error while executing the script:
[ERROR] Invalid input ':', expected `}` or ',' for the object expression. (line 4, column 29):


4| { orderId: "A-1001" customer: "Dana" }
                               ^
Location:
004-a-missing-comma (line: 4, column:29)

The diagnostic points into the object where the parser expected punctuation. Put a comma after "A-1001" and the script becomes Example 2 — A fixed order header again. Read the reported location with the surrounding source: the highlighted position is where the parser could no longer continue, which may be just after the character you omitted.

Try it

Change Example 2 — A fixed order header so the result also contains status: "new". Keep the original two fields. Before running it, say where the second comma belongs.

Show answer

Example 5 — Add an order status.

Companion source.

%dw 2.0
output application/json
---
{ orderId: "A-1001", customer: "Dana", status: "new" }

Result:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "status": "new"
}

The comma after the customer field separates it from status. One object now holds all three fields; the body still consists of one expression.


You can now change the value a script constructs and explain why its output has that shape. Next, the order identifier and customer will come from an input document, so the same script can serve another order.







Chapter

2

Read an Object and Build Another


The order header in chapter 1 was fixed in the source. A real mapping receives the values from another system. We can make that change while keeping the result exactly the same.

[image: Input object: orderId: A-1001: customer: Dana. Selectors: payload.orderId: payload.customer. New object: reference: A-1001: buyer: Dana. Source paths and destination field names are separate choices.]

Example 6 — Read the order header.

Companion source.

Input payload — read-the-order-header-input.json:

{
  "orderId": "A-1001",
  "customer": "Dana"
}

%dw 2.0
output application/json
---
{ orderId: payload.orderId, customer: payload.customer }

Result:

{
  "orderId": "A-1001",
  "customer": "Dana"
}

The Runner binds the JSON document to the name payload. payload.orderId reads the value under orderId; this is a selector. The field name to the left of the colon describes the output. The expression to its right supplies the value.

Change only the input identifier to A-1008. The output changes without a source edit. That is the first useful distinction between a fixed result and a transformation: the script describes where to obtain the value.

Example 7 — Rename an output field.

Companion source.

Use read-the-order-header-input.json as payload, as above.

%dw 2.0
output application/json
---
{ reference: payload.orderId, buyer: payload.customer }

Result:

{
  "reference": "A-1001",
  "buyer": "Dana"
}

reference and buyer are the receiving system’s names. Their values still come from orderId and customer. Renaming a result field does not rename the source field, and the original input is not modified.

Example 8 — Read a nested customer.

Companion source.

Input payload — read-a-nested-customer-input.json:

{
  "orderId": "A-1001",
  "customer": {
    "name": "Dana",
    "email": "dana@example.test"
  },
  "delivery-method": "standard"
}

%dw 2.0
output application/json
---
{ reference: payload.orderId, buyer: payload.customer.name }

Result:

{
  "reference": "A-1001",
  "buyer": "Dana"
}

This is a different, explicitly named source fixture: Nested customer. Its customer is an object containing a name and an email address. Read the path one step at a time: payload is the order, .customer selects the customer object, and .name selects the text inside it.

The earlier Order header fixture has a string at customer. Do not apply this path to that fixture and expect the same result. When an upstream schema changes, the selectors have to follow the new structure.

Example 9 — Select a quoted key.

Companion source.

Use read-a-nested-customer-input.json as payload, as above.

%dw 2.0
output application/json
---
{ method: payload."delivery-method", email: payload.customer["email"] }

Result:

{
  "method": "standard",
  "email": "dana@example.test"
}

The hyphenated key needs quotes. Without them, the hyphen can be interpreted as an operator. Bracket selection with a quoted name is another way to read a field; here ["email"] selects the same value as .email.

Use the dotted form for ordinary names and quote a name that contains punctuation. Both forms select a field by its name.

Example 10 — Inspect a missing field.

Companion source.

Use read-a-nested-customer-input.json as payload, as above.

%dw 2.0
output application/json
---
{ correct: payload.customer.name, misspelled: payload.customer.nmae, absent: payload.coupon }

Result:

{
  "correct": "Dana",
  "misspelled": null,
  "absent": null
}

The two unsuccessful selections return null. They do not distinguish the typo from an optional field the sender omitted. This is why a successful run cannot establish that the mapping is correct: misspelled is valid JSON with the wrong value.

Inspect the input and the path before supplying a fallback. Chapter 4 will make absence an explicit decision. For now, notice that the missing selector still produces a value, null, which the writer can print.

Try it

Using Nested customer, build { order: { id: ..., contact: ... } }, where contact is the email address. The output needs a nested object even though the source uses different field names.

Show answer

Example 11 — Build a nested order result.

Companion source.

Use read-a-nested-customer-input.json as payload, as above.

%dw 2.0
output application/json
---
{ order: { id: payload.orderId, contact: payload.customer.email } }

Result:

{
  "order": {
    "id": "A-1001",
    "contact": "dana@example.test"
  }
}

The inner braces construct the object stored under order. The input path and the output nesting are separate choices.


A selector supplies a value; an object expression gives that value its place in the result. Those two operations are enough to rename fields and reshape a small record. We will next calculate a value that the source does not contain.







Chapter

3

Calculate with Values and Convert Deliberately


An order line gives us a price and a quantity. We will calculate its amount, then repeat the calculation when the supplier sends the numbers as text. Keeping this to one line lets us see the effect of each operator.

[image: The numeric string 2.50 can be explicitly coerced to the Number 2.5. Arithmetic with four can produce ten. Ordinary equality does not make the string equal to a Number; explicit conversion gives a numeric comparison. Number formatting remains a writer decision.]

Example 12 — Calculate one line.

Companion source.

Input payload — calculate-one-line-input.json:

{
  "sku": "PEN-01",
  "price": 2.5,
  "qty": 4
}

%dw 2.0
output application/json
---
{ sku: payload.sku, lineTotal: payload.price * payload.qty }

Result:

{
  "sku": "PEN-01",
  "lineTotal": 10
}

Four pens at 2.5 each cost 10. * multiplies the two selected numbers, and the resulting number becomes lineTotal. The input is a single item object; there is no collection to traverse yet.

Arithmetic belongs on the right of the colon just as a selector did. The object expression does not care whether a field’s value came directly from the input or from a calculation.

Example 13 — Name the line calculation.

Companion source.

Use calculate-one-line-input.json as payload, as above.

%dw 2.0
output application/json
var lineTotal = payload.price * payload.qty
---
{ sku: payload.sku, lineTotal: lineTotal, withDelivery: lineTotal + 4.99 }

Result:

{
  "sku": "PEN-01",
  "lineTotal": 10,
  "withDelivery": 14.99
}

var declares a name in the header. Both output expressions can refer to lineTotal; the second adds a delivery charge. The field lineTotal and the variable lineTotal have the same spelling here, but different jobs: the field names a result entry, while the variable names the calculated value.

These bindings are immutable. To obtain a discounted value, declare another name or write a new expression; do not try to update lineTotal as a counter. A header is a set of definitions used by the body, not a sequence of assignment statements.

Example 14 — Inspect scalar types.

Companion source.

Input payload — inspect-scalar-types-input.json:

{
  "sku": "PEN-01",
  "price": "2.50",
  "qty": "4"
}

%dw 2.0
output application/json
---
{ price: typeOf(payload.price), qty: typeOf(payload.qty), numericPrice: payload.price is Number, textPrice: payload.price is String }

Result:

{
  "price": "String",
  "qty": "String",
  "numericPrice": false,
  "textPrice": true
}

typeOf(value) is a function call: the expression in parentheses is its argument. It reports the value’s type. is Number asks a narrower question and returns a Boolean, true or false. Here the supplier sends both quantities as text, so the price is a String even though its characters describe a number.

Example 15 — Convert a supplier price.

Companion source.

Use inspect-scalar-types-input.json as payload, as above.

%dw 2.0
output application/json
---
{ sku: payload.sku, price: payload.price as Number, qty: payload.qty as Number, lineTotal: (payload.price as Number) * (payload.qty as Number) }

Result:

{
  "sku": "PEN-01",
  "price": 2.5,
  "qty": 4,
  "lineTotal": 10
}

as Number requests a conversion. The strings "2.50" and "4" become numbers before multiplication. Conversion also matters for the fields copied into the result: without it, the output would carry quoted text there.

DataWeave has one Number type for whole and decimal values. The value ten can be represented as 10 or 10.0; that representation does not create a different numeric type. When a consumer requires particular digits, such as two decimal places, chapter 17 will format the value as text at the output boundary.

Example 16 — Arithmetic and concatenation.

Companion source.

Use inspect-scalar-types-input.json as payload, as above.

%dw 2.0
output application/json
---
{ product: payload.price * payload.qty, joined: payload.price ++ payload.qty, sameValue: payload.price == 2.5, convertedValue: (payload.price as Number) == 2.5 }

Result:

{
  "product": 10,
  "joined": "2.504",
  "sameValue": false,
  "convertedValue": true
}

The multiplication succeeds because DataWeave attempts to coerce these numeric strings to the Number operands required by *. That conversion is implicit coercion. The ++ expression has two strings and concatenates their characters. Ordinary equality, ==, does not make the string equal to a number.

Explicit conversion makes the intended calculation visible and gives later expressions a known type. An operator doing a helpful conversion in one place does not establish the type of the original field elsewhere.

Example 17 — Reject a nonnumeric price.

Companion source.

%dw 2.0
output application/json
---
"many" as Number

Result (expected exit 255):

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (many) to Number

4| "many" as Number
   ^^^^^^^^^^^^^^^^
Trace:
  at 017-reject-a-nonnumeric-price::main (line: 4, column: 1) at:

4| "many" as Number
   ^^^^^^^^^^^^^^^^

A word that cannot be interpreted as a number causes conversion to fail. Do not substitute zero merely to make the script run: that would turn invalid input into a believable price.

Example 18 — Division produces a number.

Companion source.

%dw 2.0
output application/json
---
{ fraction: 10 / 4, decimalSum: 0.1 + 0.2, sameNumber: 79 == 79.0 }

Result:

{
  "fraction": 2.5,
  "decimalSum": 0.3,
  "sameNumber": true
}

Division is not integer division: 10 / 4 produces 2.5. These examples also show decimal arithmetic and equality between two representations of 79. Finite precision and formatting deserve their own checks when the receiving system has a stricter numeric contract.

Try it

Add a 10% discount to Example 13 — Name the line calculation. Keep the original total and put the reduced value in discounted. Use the already calculated total.

Show answer

Example 19 — Discount one line.

Companion source.

Use calculate-one-line-input.json as payload, as above.

%dw 2.0
output application/json
var lineTotal = payload.price * payload.qty
---
{ lineTotal: lineTotal, discounted: lineTotal * 0.9 }

Result:

{
  "lineTotal": 10,
  "discounted": 9
}

Multiplying by 0.9 keeps ninety percent of the amount. The original value remains available; the second field is a new calculation.


You now have enough information to distinguish an absent value, a numeric value and text that can be converted. The next step is deciding which result to produce when the input varies.







Chapter

4

Make Decisions and Handle Missing Fields


The order service offers free delivery at a stated threshold. That rule gives us a reason to choose between two values. Optional fields raise a related question: what should the result say when the source supplies nothing?

[image: Input total: 99.99: 100.00. Condition: total at least 100: false / true. Delivery choice: standard: free. Check both sides of a boundary; default only replaces null or absence.]

Example 20 — Choose a delivery label.

Companion source.

Input payload — choose-a-delivery-label-input.json:

{
  "orderId": "A-1001",
  "total": 32,
  "coupon": null,
  "notes": ""
}

%dw 2.0
output application/json
---
if (payload.total >= 100) "free" else "standard"

Result:

"standard"

>= compares the total with the threshold and produces a Boolean. if evaluates that condition and returns one of two values. At 32 the result is "standard"; change the input total to 100 and it becomes "free". Equality belongs on the free side because the operator includes it.

Both alternatives are required. The result must exist whether the condition is true or false. The word else supplies the false alternative.

Example 21 — Use a decision in an object.

Companion source.

Use choose-a-delivery-label-input.json as payload, as above.

%dw 2.0
output application/json
---
{ orderId: payload.orderId, shipping: if (payload.total >= 100) 0 else 4.99, label: if (payload.total == 0) "empty" else "ready" }

Result:

{
  "orderId": "A-1001",
  "shipping": 4.99,
  "label": "ready"
}

Each conditional produces a field value. The first chooses a number and the second chooses text. Parentheses help when a conditional is part of a larger arithmetic or concatenation expression: they show where the entire choice ends.

Example 22 — Default only an absent value.

Companion source.

Use choose-a-delivery-label-input.json as payload, as above.

%dw 2.0
output application/json
---
{ coupon: payload.coupon default "NONE", giftWrap: payload.giftWrap default false, notes: payload.notes default "no notes", zero: 0 default 5, flag: false default true }

Result:

{
  "coupon": "NONE",
  "giftWrap": false,
  "notes": "",
  "zero": 0,
  "flag": false
}

default replaces null, including the null returned by a missing selection. It leaves an empty string, zero and false alone. These values often carry deliberate meaning: free delivery is zero, and declining gift wrap is false.

A default is a policy decision. It is reasonable for an omitted optional gift-wrap choice to mean false. It is usually unreasonable for a missing order identifier to become a made-up identifier.

Example 23 — Handle empty notes.

Companion source.

Use choose-a-delivery-label-input.json as payload, as above.

%dw 2.0
output application/json
---
{ notes: if (isEmpty(payload.notes)) "no notes" else payload.notes, couponPresent: payload.coupon?, giftWrapPresent: payload.giftWrap? }

Result:

{
  "notes": "no notes",
  "couponPresent": true,
  "giftWrapPresent": false
}

isEmpty supplies the wider test needed for the empty string. The postfix ? checks whether a key exists. coupon is present with a null value; giftWrap is absent. A plain selection returns null for both, but a presence check distinguishes them.

Example 24 — Require an order identifier.

Companion source.

Input payload — require-an-order-identifier-input.json:

{
  "customer": "Dana"
}

%dw 2.0
output application/json
---
{ orderId: payload.orderId! }

Result (expected exit 255):

[ERROR] Error while executing the script:
[ERROR] There is no key named 'orderId'

4| { orderId: payload.orderId! }
              ^^^^^^^^^^^^^^^
Trace:
  at 024-require-an-order-identifier::main (line: 4, column: 12) at:

4| { orderId: payload.orderId! }
              ^^^^^^^^^^^^^^^

The postfix ! asks the selector to fail when the required field is missing. This fixture deliberately omits it. Requiring the field makes a broken input visible where it enters the result.

Example 25 — Guard a conversion.

Companion source.

Use choose-a-delivery-label-input.json as payload, as above.

%dw 2.0
output application/json
---
{ discount: if ((payload.discount != null) and (payload.discount is Number)) payload.discount else 0 }

Result:

{
  "discount": 0
}

and needs both conditions to hold and stops after a false left operand. or stops after a true left operand; not reverses a Boolean. This example accepts an existing numeric discount and otherwise uses zero. It deliberately does not accept numeric text: changing that contract would require an explicit conversion policy.

DataWeave conditions require Booleans. A quantity of 4 does not mean true. Write the comparison, such as qty > 0, that states the decision.

Try it

Test the delivery boundary with totals 99.99, 100 and 100.01. Then make notes containing only spaces count as empty. trim(text) removes surrounding whitespace; apply it after replacing a missing note with an empty string.

Show answer

Example 26 — Normalize an optional note.

Companion source.

Input payload — normalize-an-optional-note-input.json:

{
  "orderId": "A-1001",
  "total": 32,
  "coupon": null,
  "notes": "   "
}

%dw 2.0
output application/json
var note = trim(payload.notes default "")
---
{ notes: if (isEmpty(note)) "no notes" else note }

Result:

{
  "notes": "no notes"
}

The default supplies text before trim is called. After trimming, the same empty-string decision covers an omitted note, an empty note and whitespace-only text.


Keep the ordinary, boundary and absent cases beside the fixture you first tested. A rule that works only for Dana’s ordinary order is not yet a rule you can safely reuse.
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5

Give a Calculation a Function


The same multiplication now appears in several results. Give it a name so each caller can use the calculation without copying its expression. We will start with ordinary calls and then give a longer calculation some local names.

[image: Arguments: price = 2.5: qty = 4. lineTotal(price, qty): price * qty: 2.5 * 4. Return value: 10: One numeric result. The same function can calculate another line from different arguments.]

Example 27 — Call a line-total function.

Companion source.

%dw 2.0
output application/json
fun lineTotal(price, qty) = price * qty
---
{ pens: lineTotal(2.5, 4), pads: lineTotal(6, 2) }

Result:

{
  "pens": 10,
  "pads": 12
}

fun declares a function. The names price and qty are parameters: each call supplies their values in order. The expression after = is the function body, and its value is the result of the call. No return statement is needed.

The pens call substitutes 2.5 and 4 into the familiar multiplication. The pads call performs the same calculation with different arguments. The function has no dependency on a particular payload or order, which makes these small literal calls useful tests.

This helper depends only on its arguments. Repeating lineTotal(2.5, 4) gives the same value, and replacing that call with 10 does not change the enclosing calculation. This property is called referential transparency. It lets us check the helper on its own before investigating its caller. A function such as now(), which reads a changing clock, needs different reasoning; this claim applies to the line-total calculation.

Example 28 — Give a parameter a default.

Companion source.

%dw 2.0
output application/json
fun discountedBy(amount, rate = 0.1) = amount * (1 - rate)
---
{ usual: discountedBy(20), special: discountedBy(20, 0.3) }

Result:

{
  "usual": 18,
  "special": 14
}

A default argument lets the first call omit the rate. The second call supplies it explicitly. Both calls still produce new values; neither changes the amount passed in.

Example 29 — Declare numeric parameters.

Companion source.

%dw 2.0
output application/json
fun lineTotal(price: Number, qty: Number): Number = price * qty
---
{ numbers: lineTotal(2.5, 4), text: lineTotal("2.50", "4") }

Result:

{
  "numbers": 10,
  "text": 10
}

The colon after a parameter names its required type. The colon after the closing parenthesis names the result type. These Number parameters accept numeric strings by coercion, so both calls succeed. A parameter annotation describes what the body receives; it is not proof that the caller originally supplied a number.

Example 30 — Reject an incompatible argument.

Companion source.

%dw 2.0
output application/json
fun lineTotal(price: Number, qty: Number): Number = price * qty
---
lineTotal("many", 4)

Result (expected exit 255):

[ERROR] Error while executing the script:
[ERROR] Expecting Type: `Number`, but got: `"many"`.
	|-- From: `Number`
	|---- From: lineTotal(price: Number, qty: Number) -> Number

5| lineTotal("many", 4)
             ^^^^^^
Location:
030-reject-an-incompatible-argument (line: 5, column:11)

The error names lineTotal and its arguments. Read the supplied types against the expected types. Here the bad value is rejected at the function boundary.

Example 31 — Keep intermediate values local.

Companion source.

%dw 2.0
output application/json
fun receipt(price, qty) = do {
  var amount = price * qty
  var delivery = if (amount >= 100) 0 else 4.99
  ---
  { amount: amount, delivery: delivery, total: amount + delivery }
}
---
receipt(2.5, 4)

Result:

{
  "amount": 10,
  "delivery": 4.99,
  "total": 14.99
}

do provides a local header and one result expression. The names amount and delivery exist only inside this call. The object after its --- is the function’s result.

The delivery calculation can use amount, and the final object can use both names. We have kept each calculation readable without creating variables that unrelated functions can see. This is also why one body expression does not mean cramming every operation into one line.

Try it

Call receipt with an amount exactly at the free-delivery threshold and one just below it. Explain each expected total before running.

Show answer

Example 32 — Check the receipt boundary.

Companion source.

%dw 2.0
output application/json
fun receipt(price, qty) = do {
  var amount = price * qty
  var delivery = if (amount >= 100) 0 else 4.99
  ---
  { amount: amount, delivery: delivery, total: amount + delivery }
}
---
{ below: receipt(99.99, 1), at: receipt(100, 1) }

Result:

{
  "below": {
    "amount": 99.99,
    "delivery": 4.99,
    "total": 104.98
  },
  "at": {
    "amount": 100,
    "delivery": 0,
    "total": 100
  }
}

The below-threshold receipt includes 4.99 delivery, while the receipt at 100 includes none. These inputs check the decision boundary rather than merely repeating the ordinary example.


A function call lets us work with one item at a time. An order can contain any number of items, so next we will arrange for the same function to be applied to each of them.







Chapter

6

Transform Every Item with map


So far, each input has been one record. This fixture places the three familiar items in an array. We will first inspect an element and then transform every element without assuming how many the array contains.

[image: Input array: 2.5, 6, 1: Three values. Callback: (price) returns price * 2: One call per value. Output array: 5, 12, 2: Three results, same order. map preserves position and count; the callback decides each result.]

Example 33 — Inspect an item array.

Companion source.

Input payload — inspect-an-item-array-input.json:

[
  {
    "sku": "PEN-01",
    "price": 2.5,
    "qty": 4
  },
  {
    "sku": "PAD-22",
    "price": 6.0,
    "qty": 2
  },
  {
    "sku": "CLP-08",
    "price": 1.0,
    "qty": 10
  }
]

%dw 2.0
output application/json
---
{ first: payload[0], secondSku: payload[1].sku, lastSku: payload[-1].sku, beyondEnd: payload[3] }

Result:

{
  "first": {
    "sku": "PEN-01",
    "price": 2.5,
    "qty": 4
  },
  "secondSku": "PAD-22",
  "lastSku": "CLP-08",
  "beyondEnd": null
}

Square brackets enclose an array, an ordered collection of values. The fixture contains three objects. Indexes start at zero: [0] selects the first object and [1] the second. A selector can continue into that selected object, as [1].sku does.

[-1] selects the last element. [3] is beyond this array’s end and returns null. Indexing chooses one position; it cannot express “every item,” because the next order may have a different length.

Example 34 — Map an array of numbers.

Companion source.

%dw 2.0
output application/json
---
[2.5, 6, 1] map (price) -> price * 2

Result:

[
  5,
  12,
  2
]

map takes an array and applies a function to every element, collecting the results in another array. The expression (price) -> price * 2 is a lambda, a function written where it is used. Its parameter is price; the arrow separates that parameter from the expression to evaluate.

On the first element, price is 2.5 and the result is 5. On the next it is 6 and the result is 12. Each element produces one result in the same position. The original array remains unchanged.

Example 35 — Calculate every line.

Companion source.

Use inspect-an-item-array-input.json as payload, as above.

%dw 2.0
output application/json
fun lineTotal(price, qty) = price * qty
---
payload map (item) -> lineTotal(item.price, item.qty)

Result:

[
  10,
  12,
  10
]

The lambda receives an item object this time. It selects the price and quantity and passes them to the helper we already understand. The callback’s result is a number, so the result of the whole map is an array of numbers.

Read this at two levels: lineTotal handles one item; map handles how many items there are. Keeping those jobs separate lets you check the calculation without reasoning about traversal at the same time.

Example 36 — Build a result for each line.

Companion source.

Use inspect-an-item-array-input.json as payload, as above.

%dw 2.0
output application/json
---
payload map (item) -> { sku: item.sku, amount: item.price * item.qty }

Result:

[
  {
    "sku": "PEN-01",
    "amount": 10
  },
  {
    "sku": "PAD-22",
    "amount": 12
  },
  {
    "sku": "CLP-08",
    "amount": 10
  }
]

The callback can return an object instead of a number. The braces now describe one output element. map collects those objects into the outer array; you do not need to create or append to that array yourself.

Example 37 — Number the order lines.

Companion source.

Use inspect-an-item-array-input.json as payload, as above.

%dw 2.0
output application/json
---
payload map (item, index) -> { line: index + 1, sku: item.sku }

Result:

[
  {
    "line": 1,
    "sku": "PEN-01"
  },
  {
    "line": 2,
    "sku": "PAD-22"
  },
  {
    "line": 3,
    "sku": "CLP-08"
  }
]

The optional second parameter receives the zero-based index. Adding one makes a human line number. The parameter order is item first, index second.

Example 38 — Map an empty array.

Companion source.

%dw 2.0
output application/json
---
[] map (item) -> { sku: item.sku }

Result:

[
  
]

An empty array calls the callback zero times and produces an empty array. There is no first object for the callback to inspect, so the reference to item.sku is never evaluated.

Try it

Produce one object per item containing productCode and quantity. Neither field has the same name as the corresponding input field.

Show answer

Example 39 — Rename every line.

Companion source.

Use inspect-an-item-array-input.json as payload, as above.

%dw 2.0
output application/json
---
payload map (item) -> { productCode: item.sku, quantity: item.qty }

Result:

[
  {
    "productCode": "PEN-01",
    "quantity": 4
  },
  {
    "productCode": "PAD-22",
    "quantity": 2
  },
  {
    "productCode": "CLP-08",
    "quantity": 10
  }
]

The object expression renames fields for one item. Mapping repeats that same construction for all three.


Before moving on, distinguish the callback’s result from the result of the whole map. If the callback returns an object, the map returns an array of those objects. That outer shape determines what the next operation can do.
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7

Select Lines and Calculate an Order Total


We can calculate an amount for every line. The next task is to select the lines a report needs and summarize their amounts. The order fixture now wraps the familiar item array with an identifier and customer name.

[image: Selectors, a conditional and a mapped collection each produce values from the order input. An outer object combines those results into the value given to the writer. These are value dependencies, not assignments to a changing accumulator.]

Example 40 — Keep the bulk lines.

Companion source.

Input payload — keep-the-bulk-lines-input.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4
    },
    {
      "sku": "PAD-22",
      "price": 6.0,
      "qty": 2
    },
    {
      "sku": "CLP-08",
      "price": 1.0,
      "qty": 10
    }
  ]
}

%dw 2.0
output application/json
---
payload.items filter (item) -> item.qty >= 4

Result:

[
  {
    "sku": "PEN-01",
    "price": 2.5,
    "qty": 4
  },
  {
    "sku": "CLP-08",
    "price": 1,
    "qty": 10
  }
]

filter evaluates a Boolean condition for each item. It keeps the original elements for which the condition is true. The pens and clips qualify; the pads do not. Unlike map, it changes the membership rather than constructing a replacement for every item.

Example 41 — Count and total selected lines.

Companion source.

Use keep-the-bulk-lines-input.json as payload, as above.

%dw 2.0
output application/json
var bulk = payload.items filter (item) -> item.qty >= 4
var amounts = bulk map (item) -> item.price * item.qty
---
{ lineCount: sizeOf(bulk), amounts: amounts, total: sum(amounts) }

Result:

{
  "lineCount": 2,
  "amounts": [
    10,
    10
  ],
  "total": 20
}

bulk names the selected array. amounts maps its elements to numbers. sizeOf counts the selected elements, while sum adds the numbers in amounts. Keeping the intermediate array in the result makes the total easy to check: 10 plus 10 is 20.

These functions are available without an import. Later we will meet library functions that do need one. For now, notice that each function receives the shape its job requires: an array for the count, and an array of numbers for the sum.

Example 42 — Order totals.

Companion source.

Use keep-the-bulk-lines-input.json as payload, as above.

%dw 2.0
output application/json
var items = payload.items default []
var lineTotals = items map (item) -> item.price * item.qty
var subtotal = sum(lineTotals)
var delivery = if (subtotal == 0 or subtotal >= 100) 0 else 4.99
---
{
  orderId: payload.orderId,
  lineCount: sizeOf(items),
  lineTotals: lineTotals,
  subtotal: subtotal,
  delivery: delivery,
  grandTotal: subtotal + delivery
}

Result:

{
  "orderId": "A-1001",
  "lineCount": 3,
  "lineTotals": [
    10,
    12,
    10
  ],
  "subtotal": 32,
  "delivery": 4.99,
  "grandTotal": 36.99
}

lineCount counts order lines, not the total quantity of products. lineTotals shows each extended price: 10, 12 and 10. subtotal sums those amounts to 32. The example’s delivery rule charges nothing for an empty order or an order worth at least 100; otherwise it charges 4.99. grandTotal adds that delivery charge to the subtotal.

The default on items states this example’s input contract: an absent or null item list is treated as empty. That policy is appropriate here because we allow cancelled orders with no lines. A system that requires at least one line would need to reject that input instead.

If the subtotal is wrong, inspect lineTotals before changing the delivery rule. If the subtotal is right but the grand total is wrong, the delivery decision is the next place to check. The named intermediate values give each investigation a small starting point.

Example 43 — An empty order total.

Companion source.

Input payload — an-empty-order-total-input.json:

{
  "orderId": "A-1007",
  "customer": "Dana",
  "items": []
}

%dw 2.0
output application/json
var items = payload.items default []
var amounts = items map (item) -> item.price * item.qty
---
{ count: sizeOf(items), amounts: amounts, total: sum(amounts) }

Result:

{
  "count": 0,
  "amounts": [
    
  ],
  "total": 0
}

The array is empty, its count is zero, and its sum is zero. Delete the items field and run again: the default gives the same result. These two inputs exercise different source shapes but intentionally share one meaning under this contract.

Example 44 — Read the shorthand after the named form.

Companion source.

Use keep-the-bulk-lines-input.json as payload, as above.

%dw 2.0
output application/json
---
{ named: payload.items map (item) -> item.price * item.qty, short: payload.items map ($.price * $.qty) }

Result:

{
  "named": [
    10,
    12,
    10
  ],
  "short": [
    10,
    12,
    10
  ]
}

In the short form, $ is the current item. The two expressions produce the same values. Prefer the named form while following a calculation or when callbacks become nested. The shorthand is a way to read existing DataWeave, not a requirement for writing it.

A filter must still return a Boolean. filter (item) -> item.qty would return a number, not a decision. Use the explicit comparison that describes membership.

Try it

Produce the count and revenue of items whose quantity is at least four. Then change the threshold to 100 and predict both results before running.

Show answer

Example 45 — Check an empty selection.

Companion source.

Use keep-the-bulk-lines-input.json as payload, as above.

%dw 2.0
output application/json
var selected = payload.items filter (item) -> item.qty >= 100
---
{ count: sizeOf(selected), total: sum(selected map (item) -> item.price * item.qty) }

Result:

{
  "count": 0,
  "total": 0
}

No item qualifies. The selected array is empty, so both the count and total are zero. A valid result can describe no matching data.


This is the first complete order summary in the book. You have already practised every operation it combines. Keep it as a checkpoint: explain each field, then change the fixture and predict what should change.
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Sort, Select and Remove Duplicates


The report now contains lines from two orders. PEN-01 appears twice because both customers ordered pens. Before treating those lines as duplicate data, decide whether the report describes products, order lines or quantities sold.

[image: Order lines: PEN-01, qty 4: PEN-01, qty 1. Choose a key: Sort by quantity: Distinct by SKU. Two possible results: Sorted: both lines: Distinct: first SKU only. Define identity before removing a line that looks like a duplicate.]

Example 46 — Sort the line quantities.

Companion source.

Input payload — sort-the-line-quantities-input.json:

[
  {
    "orderId": "A-1001",
    "sku": "PEN-01",
    "name": "Gel Pen",
    "category": "writing",
    "price": 2.5,
    "qty": 4
  },
  {
    "orderId": "A-1001",
    "sku": "PAD-22",
    "name": "Notepad A5",
    "category": "paper",
    "price": 6.0,
    "qty": 2
  },
  {
    "orderId": "A-1001",
    "sku": "CLP-08",
    "name": "Binder Clips",
    "category": "desk",
    "price": 1.0,
    "qty": 10
  },
  {
    "orderId": "A-1008",
    "sku": "PEN-01",
    "name": "Gel Pen",
    "category": "writing",
    "price": 2.5,
    "qty": 1
  },
  {
    "orderId": "A-1008",
    "sku": "INK-03",
    "name": "Ink Refill",
    "category": "writing",
    "price": 3.0,
    "qty": 3
  }
]

%dw 2.0
output application/json
---
(payload orderBy (line) -> line.qty) map (line) -> { sku: line.sku, qty: line.qty }

Result:

[
  {
    "sku": "PEN-01",
    "qty": 1
  },
  {
    "sku": "PAD-22",
    "qty": 2
  },
  {
    "sku": "INK-03",
    "qty": 3
  },
  {
    "sku": "PEN-01",
    "qty": 4
  },
  {
    "sku": "CLP-08",
    "qty": 10
  }
]

The callback supplies the key used to compare two lines. The result is an array of the original lines in ascending quantity order; the following map keeps just the fields needed to inspect that ordering.

The parentheses close the sort before the next map starts. Without that boundary, a named lambda can absorb a following infix operation into its own body. Keep this boundary visible whenever you chain calls.

distinctBy and orderBy

distinctBy removes duplicates, keeping the first occurrence. Whatever the lambda returns defines the identity. The identity can be a single field or a whole object:

Example 47 — Choose which fields define a duplicate.

Companion source.

Input payload — lines.json:

[
  { "orderId": "A-1001", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 4 },
  { "orderId": "A-1001", "sku": "PAD-22", "name": "Notepad A5",   "category": "paper",   "price": 6.0, "qty": 2 },
  { "orderId": "A-1001", "sku": "CLP-08", "name": "Binder Clips", "category": "desk",    "price": 1.0, "qty": 10 },
  { "orderId": "A-1008", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 1 },
  { "orderId": "A-1008", "sku": "INK-03", "name": "Ink Refill",   "category": "writing", "price": 3.0, "qty": 3 }
]

%dw 2.0
output application/json
---
{
  bySku: (payload distinctBy (line) -> line.sku) map $.sku,
  byLine: (payload distinctBy (line) -> { sku: line.sku, orderId: line.orderId }) map ($.orderId ++ "/" ++ $.sku)
}

{
  "bySku": [
    "PEN-01",
    "PAD-22",
    "CLP-08",
    "INK-03"
  ],
  "byLine": [
    "A-1001/PEN-01",
    "A-1001/PAD-22",
    "A-1001/CLP-08",
    "A-1008/PEN-01",
    "A-1008/INK-03"
  ]
}

PEN-01 appears on both orders. By SKU it is one product; by SKU-and-order it is two lines, and the composite identity keeps both. orderBy sorts ascending by the lambda’s result — numbers or strings:

Example 48 — Sort by price and product name.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
{
  byPrice: (payload orderBy (line) -> line.price) map $.sku,
  byName:  (payload orderBy (line) -> line.name)  map $.name
}

{
  "byPrice": [
    "CLP-08",
    "PEN-01",
    "PEN-01",
    "INK-03",
    "PAD-22"
  ],
  "byName": [
    "Binder Clips",
    "Gel Pen",
    "Gel Pen",
    "Ink Refill",
    "Notepad A5"
  ]
}

Ranges, and the bound that returns nothing

Before inspecting the slices, one selector shorthand will help: payload.items.sku collects sku from each object in the items array. Chapter 9 examines what happens when an element lacks the selected key.

A range selector takes a slice of an array as a new array. The bounds are inclusive at both ends, so [0 to 1] is two elements, not one. Negative bounds work, a range written backwards reverses the slice, and a range on a string slices its characters:

Example 49 — Select an array range.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": { "name": "Dana", "email": "dana@example.com", "tier": "gold" },
  "shipping": { "method": "courier", "price": 4.0 },
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  firstTwo: payload.items[0 to 1].sku,
  lastTwo: payload.items[-2 to -1].sku,
  reversed: payload.items[-1 to 0].sku,
  pastTheEnd: payload.items[1 to 10].sku,
  outOfRange: payload.items[5],
  stringSlice: payload.orderId[0 to 1]
}

{
  "firstTwo": [
    "PEN-01",
    "PAD-22"
  ],
  "lastTwo": [
    "PAD-22",
    "CLP-08"
  ],
  "reversed": [
    "CLP-08",
    "PAD-22",
    "PEN-01"
  ],
  "pastTheEnd": null,
  "outOfRange": null,
  "stringSlice": "A-"
}

pastTheEnd shows that this range is not clipped to the available elements: [1 to 10] on three elements gives null, rather than the remaining two. The array has no element 10, so the range cannot be satisfied and the selection finds nothing. Both bounds must exist:

Example 50 — Check range boundaries.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  exact: payload.items[0 to 2].sku,
  oneTooFar: payload.items[0 to 3].sku,
  startInside: payload.items[2 to 5].sku,
  single: payload.items[1 to 1].sku
}

{
  "exact": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ],
  "oneTooFar": null,
  "startInside": null,
  "single": [
    "PAD-22"
  ]
}

[0 to 2] on three elements is the whole array; [0 to 3] is null. If you want “the first n or fewer”, a range is the wrong tool; take from dw::core::Arrays (introduced with the array helpers in chapter 13) clips instead. It needs import take from dw::core::Arrays in the header; without it the script stops with Unable to resolve reference of: take. With the import, (payload.items take 10).sku on this order is all three SKUs. A single out-of-range index, payload.items[5], is also null rather than an error, which is consistent with the missing-key rule and just as quiet.

Descending, and the string-key problem

There is no orderByDescending. For numbers the tidy trick is to negate the key:

Example 51 — Sort numbers in descending order.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(payload orderBy (line) -> -line.price) map { sku: $.sku, price: $.price }

[
  {
    "sku": "PAD-22",
    "price": 6.0
  },
  {
    "sku": "INK-03",
    "price": 3.0
  },
  {
    "sku": "PEN-01",
    "price": 2.5
  },
  {
    "sku": "PEN-01",
    "price": 2.5
  },
  {
    "sku": "CLP-08",
    "price": 1.0
  }
]

Negating the sort key works only when the key is numeric. A product name reaches unary minus as a string, and the argument list explains the rejection:

Example 52 — Try negating a string sort key.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload orderBy (line) -> -line.name

[ERROR] Error while executing the script:
[ERROR] You called the function '-' with these arguments: 
  1: String ("Notepad A5")

But it expects arguments of these types:
  1: Number


4| payload orderBy (line) -> -line.name
                             ^^^^^^^^^^
Trace:
  at 052-orderby-desc-string-negate::orderBy (line: 4, column: 27)
  at 052-orderby-desc-string-negate::main (line: 4, column: 9) at:

4| payload orderBy (line) -> -line.name
                             ^^^^^^^^^^

Reversing the sorted array would give descending order, but reverse is not a function in dw::Core:

Example 53 — Reverse a sorted string array.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
reverse(payload orderBy (line) -> line.name)

[ERROR] Error while executing the script:
[ERROR] Unable to resolve reference of: `reverse`.

4| reverse(payload orderBy (line) -> line.name)
   ^^^^^^^
Location:
053-orderby-desc-string-reverse (line: 4, column:1)

The trick that works is the range selector we just used with the bounds reversed — [-1 to 0] reads the array from its last element to its first:

Example 54 — Reverse an array with a range.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(payload orderBy (line) -> line.name)[-1 to 0] map $.name

[
  "Notepad A5",
  "Ink Refill",
  "Gel Pen",
  "Gel Pen",
  "Binder Clips"
]

Sort ascending, then read it backwards. The reversed bounds describe the traversal explicitly.

Two keys

orderBy takes one key, and the key cannot be an array:

Example 55 — Try sorting with an array key.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload orderBy (line) -> [line.category, -line.qty]

[ERROR] Error while executing the script:
[ERROR] You cannot compare a value of type :Array

4| payload orderBy (line) -> [line.category, -line.qty]
                             ^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 055-orderby-array-key::orderBy (line: 4, column: 27)
  at 055-orderby-array-key::main (line: 4, column: 9) at:

4| payload orderBy (line) -> [line.category, -line.qty]
                             ^^^^^^^^^^^^^^^^^^^^^^^^^^

What you can do is sort twice, secondary key first, and let the second sort settle the primary order:

Example 56 — Sort by category and quantity.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
((payload orderBy (line) -> -line.qty) orderBy (line) -> line.category) map ($.category ++ ":" ++ $.qty)

[
  "desk:10",
  "paper:2",
  "writing:4",
  "writing:3",
  "writing:1"
]

Categories ascending, and within writing the quantities descending. This depends on the second sort keeping the relative order of items whose keys tie. It did on every run here, but I found no documented promise of it. If the secondary order matters in production, build a single string key that encodes both, and test it. Note also the parentheses around the first orderBy. Without them the script fails — the second sort belongs outside the first callback.

Exercises

The slice that vanished. Without running it first, predict the output of payload.items[1 to 5].sku and payload.items[1 to 2].sku on the three-item order. Then run both.

Show answer

[1 to 2] gives ["PAD-22", "CLP-08"]. [1 to 5] gives null, because element 5 does not exist and a range whose bound cannot be satisfied selects nothing. The example above (startInside: payload.items[2 to 5].sku) is the same case. A range is a request for exactly those positions, not for “up to” them.


A sort key establishes ordering; a distinct key establishes identity. They can use the same field, but they answer different questions. Keep that choice visible in both the example name and its expected result.







Chapter

9

Work with Nested Collections


A report can preserve each order with its own lines, or flatten all the lines into one list. Start with the nested shape so that the parent-child relationship is visible before removing a level.

[image: Nested orders: A-1001: three items: A-1008: two items. Named callbacks: order stays in scope: item names one line. Flat line list: Five lines: Each retains orderId. Flattening removes a level; it does not recover a discarded relationship.]

Example 57 — Keep orders and their lines nested.

Companion source.

Input payload — keep-orders-and-their-lines-nested-input.json:

[
  {
    "orderId": "A-1001",
    "customer": "Dana",
    "items": [
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 4
      },
      {
        "sku": "PAD-22",
        "price": 6.0,
        "qty": 2
      },
      {
        "sku": "CLP-08",
        "price": 1.0,
        "qty": 10
      }
    ]
  },
  {
    "orderId": "A-1008",
    "customer": "Femi",
    "items": [
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 1
      },
      {
        "sku": "INK-03",
        "price": 3.0,
        "qty": 3
      }
    ]
  }
]

%dw 2.0
output application/json
---
payload map (order) -> { orderId: order.orderId, lines: order.items map (item) -> { sku: item.sku, amount: item.price * item.qty } }

Result:

[
  {
    "orderId": "A-1001",
    "lines": [
      {
        "sku": "PEN-01",
        "amount": 10
      },
      {
        "sku": "PAD-22",
        "amount": 12
      },
      {
        "sku": "CLP-08",
        "amount": 10
      }
    ]
  },
  {
    "orderId": "A-1008",
    "lines": [
      {
        "sku": "PEN-01",
        "amount": 2.5
      },
      {
        "sku": "INK-03",
        "amount": 9
      }
    ]
  }
]

The outer callback names one order; the inner callback names one item. Both names remain available inside the inner expression, so a line can carry its parent order identifier if needed. The result preserves two levels: an array of orders, each with an array of lines.

Nesting rebinds $, silently

Suppose you want each item’s quantity times one and two, computed by a second call nested inside the outer one. Inside the nested infix call, $ and $$ refer to that call’s arguments, and the outer element is no longer reachable by that name:

Example 58 — Inspect shorthand inside nested callbacks.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
payload.items map { sku: $.sku, multiples: [1, 2] map ($ * $$) }

[
  {
    "sku": "PEN-01",
    "multiples": [
      0,
      2
    ]
  },
  {
    "sku": "PAD-22",
    "multiples": [
      0,
      2
    ]
  },
  {
    "sku": "CLP-08",
    "multiples": [
      0,
      2
    ]
  }
]

Instead, every item got 1 * 0 and 2 * 1: the inner element times the inner index. The document remained well formed, so nothing complained. Name the outer parameter and the inner $ can coexist with it:

Example 59 — Name both nested callback parameters.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items map (item) -> { sku: item.sku, multiples: [1, 2] map (item.qty * $) }

[
  {
    "sku": "PEN-01",
    "multiples": [
      4,
      8
    ]
  },
  {
    "sku": "PAD-22",
    "multiples": [
      2,
      4
    ]
  },
  {
    "sku": "CLP-08",
    "multiples": [
      10,
      20
    ]
  }
]

I use $ for a one-line lambda with no lambda inside it. As soon as either condition breaks, I name the parameters. Chapter 13 adds a stricter rule for reduce, where $$ is the accumulator rather than the index and a swap gives a wrong answer with no error.

Flatten one level

When data nests an array inside an array, flatten pulls the inner arrays up by exactly one level:

Example 60 — Flatten one level at a time.

Companion source.

Input payload — lines.json:

[
  { "orderId": "A-1001", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 4 },
  { "orderId": "A-1001", "sku": "PAD-22", "name": "Notepad A5",   "category": "paper",   "price": 6.0, "qty": 2 },
  { "orderId": "A-1001", "sku": "CLP-08", "name": "Binder Clips", "category": "desk",    "price": 1.0, "qty": 10 },
  { "orderId": "A-1008", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 1 },
  { "orderId": "A-1008", "sku": "INK-03", "name": "Ink Refill",   "category": "writing", "price": 3.0, "qty": 3 }
]

%dw 2.0
output application/json
---
{
  oneLevel: flatten([[1, 2], [3, 4], [5]]),
  onlyOne:  flatten([[1, [2]], [3]]),
  notNested: flatten([1, 2, 3])
}

{
  "oneLevel": [
    1,
    2,
    3,
    4,
    5
  ],
  "onlyOne": [
    1,
    [
      2
    ],
    3
  ],
  "notNested": [
    1,
    2,
    3
  ]
}

[2] in the second case stays an array, because it was two levels down. An already flat array passes through unchanged. More often, a map produces inner arrays that you immediately want flattened. flatMap combines that map and flatten in one call. For this script the payload switches to the two orders themselves, each with its own items:

Example 61 — Flatten mapped order lines.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] }
]

%dw 2.0
output application/json
---
{
  mapped:  (payload map (order) -> order.items) map sizeOf($),
  flat:    payload flatMap (order) -> order.items map (item) -> { orderId: order.orderId, sku: item.sku },
  same:    flatten(payload map (order) -> order.items) == (payload flatMap (order) -> order.items)
}

{
  "mapped": [
    3,
    2
  ],
  "flat": [
    {
      "orderId": "A-1001",
      "sku": "PEN-01"
    },
    {
      "orderId": "A-1001",
      "sku": "PAD-22"
    },
    {
      "orderId": "A-1001",
      "sku": "CLP-08"
    },
    {
      "orderId": "A-1008",
      "sku": "PEN-01"
    },
    {
      "orderId": "A-1008",
      "sku": "INK-03"
    }
  ],
  "same": true
}

map alone gives two inner arrays, of three and two items. flatMap gives the five line items. Because the lambda still has order in scope, each line can carry its order’s id down with it, and that is how this nested shape produced a flat list suitable for the sorting in chapter 8.

One key, three selectors, and what each returns

payload.items is an array of objects, and there are three ways to ask it for every sku:

Example 62 — Select SKUs three ways.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": { "name": "Dana", "email": "dana@example.com", "tier": "gold" },
  "shipping": { "method": "courier", "price": 4.0 },
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  dot: payload.items.sku,
  star: payload.items.*sku,
  descend: payload..sku
}

{
  "dot": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ],
  "star": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ],
  "descend": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ]
}

All three agree on this payload. Their selection rules differ, however, and a repeated key or an extra nesting level separates the results.

The dot on an array maps the selection over the elements. payload.items.sku is “for each item, select sku”, and the result is an array. You can use a projection when you only need one field from each item.

The multi-value selector .* gathers every value for a key, and its reason to exist is objects that carry the same key more than once. XML produces repeated keys whenever an element repeats:

Example 63 — Select repeated object keys.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  first: { discount: 5, discount: 10, discount: 15 }.discount,
  all: { discount: 5, discount: 10, discount: 15 }.*discount,
  absent: { discount: 5 }.*rebate
}

{
  "first": 5,
  "all": [
    5,
    10,
    15
  ],
  "absent": null
}

On an object with a repeated key the plain dot returns the first match and stops. .* returns all three as an array. Chapter 19 will apply this distinction to repeated XML elements. On an array of objects .*sku behaves the same as .sku — it projects over the elements — which is why the three-way comparison above agreed. A .* on a key that appears nowhere is null, not an empty array, consistent with everything else in this chapter.

The descendant selector .. searches below the current point, at any depth, in document order. On these JSON objects each key appears once per parent. Repeated siblings need the ..* form, as chapter 20 demonstrates:

Example 64 — Limit the scope of a descendant search.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  prices: payload..price,
  itemPrices: payload.items..price,
  names: payload..name
}

{
  "prices": [
    4.0,
    2.5,
    6.0,
    1.0
  ],
  "itemPrices": [
    2.5,
    6.0,
    1.0
  ],
  "names": [
    "Dana"
  ]
}

payload..price found four prices. The shipping charge comes first because shipping precedes items in the document. The descendant selector treats shipping prices and line prices alike. It is the right tool when the values you want are scattered through an irregular structure and every one of them counts. It is the wrong tool for “the price of each item”, because it will happily fold in any other price a future version of the feed adds. Anchor it below the level you care about, as payload.items..price does, or use the dot.

[image: The order contains a shipping price and three item prices in different branches. Searching for price anywhere below payload includes the shipping value as well as the item values. Selecting through payload.items limits the collection to the item prices. The diagram names source locations rather than imposing a number-rendering rule.]

There is one more difference between projecting over an array and reading a single object, and it concerns elements that lack the key:

Example 65 — Observe missing fields in a projection.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  withGaps: [ { sku: "PEN-01", note: "gift" }, { sku: "PAD-22" }, { sku: "CLP-08", note: null } ].note,
  starWithGaps: [ { sku: "PEN-01", note: "gift" }, { sku: "PAD-22" }, { sku: "CLP-08", note: null } ].*note,
  count: sizeOf([ { sku: "PEN-01", note: "gift" }, { sku: "PAD-22" } ].note)
}

{
  "withGaps": [
    "gift",
    null
  ],
  "starWithGaps": [
    "gift",
    null
  ],
  "count": 1
}

Three items, two results. The item with no note key contributed nothing, and the item whose note is explicitly null contributed a null. So a projected array is not guaranteed to line up with the array it came from: payload.items.note[1] is not necessarily the note of the second item. When you need position preserved, map (chapter 6) is the tool, because it produces exactly one output per input.

Exercises

Count items and gather descendants. Write a script that totals item qty using the dot and .*, then uses .. to gather every quantity into an array. Run it. Then change the payload so that the shipping block also has a qty and predict which of the three changes.

Show answer

Example 66 — Count quantities with three selectors.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  units: sum(payload.items.qty),
  starUnits: sum(payload.items.*qty),
  everyQty: payload..qty
}

{
  "units": 16,
  "starUnits": 16,
  "everyQty": [
    4,
    2,
    10
  ]
}

Only everyQty would change, because payload..qty searches the whole document and the other two are anchored at payload.items. That is the argument for anchoring the descendant selector, or not using it where the dot will do.


Flattening changes the arrangement, not the meaning of a line. If the flattened report still needs the order identifier, copy it while the parent order is in scope. A later grouping cannot recover a relationship you discarded.
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10

Transform Object Fields and Keys


So far, we have named output fields directly. Some transforms need to process fields whose names come from the input: cleaning a supplier header, constructing a lookup, or applying a set of defaults. Start by constructing one dynamic key before asking a function to construct many.

[image: Source object: pen: 4: pad: 2. mapObject: value, key, index: Return field pairs. Result object: Dynamic output keys: Calculated values. mapObject returns an object; pluck returns an array.]

Dynamic and conditional keys

So far the keys in the output objects have been literals typed into the script. They do not have to be. Wrap a key in parentheses and it becomes an expression DataWeave evaluates — and the result can be built from anything:

Example 67 — Construct a dynamic field name.

Companion source.

Input payload — lines.json:

[
  { "orderId": "A-1001", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 4 },
  { "orderId": "A-1001", "sku": "PAD-22", "name": "Notepad A5",   "category": "paper",   "price": 6.0, "qty": 2 },
  { "orderId": "A-1001", "sku": "CLP-08", "name": "Binder Clips", "category": "desk",    "price": 1.0, "qty": 10 },
  { "orderId": "A-1008", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 1 },
  { "orderId": "A-1008", "sku": "INK-03", "name": "Ink Refill",   "category": "writing", "price": 3.0, "qty": 3 }
]

%dw 2.0
output application/json
var field = "grandTotal"
---
{
  (field): 43.5,
  ("total_" ++ payload[0].sku): payload[0].price * payload[0].qty,
  (payload[0].qty): "a number as a key"
}

{
  "grandTotal": 43.5,
  "total_PEN-01": 10,
  "4": "a number as a key"
}

A variable, a concatenation and a number all became keys. The number became the key "4", a conversion we can use when a source value must identify an output field. The mapping operations below use this 067-dynamic-key syntax.

Spreading an object into another

Parentheses around a whole object inside an object literal do something different: they spread its pairs into the enclosing object. The same works for an array of objects, and spreads every pair of every element:

Example 68 — Splice field pairs into an object.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
{
  withFlag: { (payload[0]), flagged: true },
  bySku: { (payload map (line) -> { (line.sku): line.qty }) }
}

{
  "withFlag": {
    "orderId": "A-1001",
    "sku": "PEN-01",
    "name": "Gel Pen",
    "category": "writing",
    "price": 2.5,
    "qty": 4,
    "flagged": true
  },
  "bySku": {
    "PEN-01": 4,
    "PAD-22": 2,
    "CLP-08": 10,
    "PEN-01": 1,
    "INK-03": 3
  }
}

withFlag is the first line with a field added — the idiom for “copy this object and extend it”. bySku 068-spreads an array of single-pair objects into one object. It also carries a problem: PEN-01 appears twice. A DataWeave object permits repeated keys, and the JSON writer wrote both. That is legal JSON, and most parsers will silently reduce it to one of the two values; which one depends on the parser. If the array can contain the same key twice, either distinctBy first or tell the writer what to do about it:

Example 69 — Collect duplicate fields into arrays.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json duplicateKeyAsArray=true
---
{ (payload map (line) -> { (line.sku): line.qty }) }

{
  "PEN-01": [
  4,
  1
  ],
  "PAD-22": 2,
  "CLP-08": 10,
  "INK-03": 3
}

The writer property collects the duplicate values into an array; the unusual indentation is exactly what the CLI printed. Spreading objects can create duplicates even when every individual input object has unique keys, so this decision belongs alongside the spread. Chapter 17 examines reader and writer properties in more detail.

Conditional keys

A key-value pair can be conditional, present only when a condition holds. Wrap the pair in parentheses and follow it with if (...):

Example 70 — Include a field conditionally.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload map (line) -> {
  sku: line.sku,
  qty: line.qty,
  (bulk: true) if (line.qty >= 3)
}

[
  {
    "sku": "PEN-01",
    "qty": 4,
    "bulk": true
  },
  {
    "sku": "PAD-22",
    "qty": 2
  },
  {
    "sku": "CLP-08",
    "qty": 10,
    "bulk": true
  },
  {
    "sku": "PEN-01",
    "qty": 1
  },
  {
    "sku": "INK-03",
    "qty": 3,
    "bulk": true
  }
]

The bulk field appears on lines ordering three or more. Every other object omits the pair, so this transform needs no later pass to remove a null bulk field. The parentheses around the condition are optional; (bulk: true) if line.qty >= 3 also parses.

It is natural to expect a mirror-image unless (...) for the opposite sense. There is not:

Example 71 — Try unless in a conditional field.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload map (line) -> {
  sku: line.sku,
  (single: true) unless (line.qty >= 3)
}

[ERROR] Error while executing the script:
[ERROR] Invalid input ' ', expected `}` or ',' for the object expression. (line 6, column 17):


6|   (single: true) unless (line.qty >= 3)
                   ^
Location:
071-conditional-key-unless (line: 6, column:17)

The parser reads (single: true) as a complete pair and then expects a comma or the closing brace. The word unless is not part of the conditional-key grammar at all — with or without parentheses around the condition. For the opposite sense, negate the condition:

Example 72 — Negate a field condition.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload map (line) -> {
  sku: line.sku,
  (single: true) if (not (line.qty >= 3))
}

[
  {
    "sku": "PEN-01"
  },
  {
    "sku": "PAD-22",
    "single": true
  },
  {
    "sku": "CLP-08"
  },
  {
    "sku": "PEN-01",
    "single": true
  },
  {
    "sku": "INK-03"
  }
]

unless does exist, but only as an expression that chooses between two values, the mirror of if ... else:

Example 73 — Choose a fallback with unless.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
payload map (line) -> unless (line.qty >= 3) line.sku ++ " (single)" else line.sku

[
  "PEN-01",
  "PAD-22 (single)",
  "CLP-08",
  "PEN-01 (single)",
  "INK-03"
]

The distinction to carry: if works on a key (include this pair or not) and on a value (this one or that one). unless works only on a value.

[image: Three selected fixture lines illustrate the quantity condition. PEN-01 with quantity four and INK-03 with quantity three include bulk true. PAD-22 with quantity two omits the bulk field entirely. Omission is different from emitting a field whose value is null.]

mapObject: map, but for objects

mapObject transforms each key-value pair of an object and returns an object. Its lambda gets the value, the key and the index, and each pair it returns is merged into the result:

Example 74 — Transform object fields with mapObject.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{ pen: 2.5, pad: 6.0 } mapObject (value, key, index) -> { (key): value * 100, ("pos_" ++ index): key }

{
  "pen": 250,
  "pos_0": "pen",
  "pad": 600,
  "pos_1": "pad"
}

The lambda returns two pairs for each input pair, and they land in the output in the order produced, so pos_0 follows pen rather than trailing at the end. And both keys are dynamic: (key) re-uses the incoming key, and ("pos_" ++ index) builds a new one from a string and the index. Unlike array mapping, mapObject can rewrite the keys as well as the values.

filterObject: the same idea for objects

Objects have their own version. filterObject keeps key-value pairs rather than array elements, and its lambda gets the value first:

Example 75 — Remove null object fields.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ orderId: "A-1001", coupon: null, note: "gift" } filterObject (value) -> value != null

{
  "orderId": "A-1001",
  "note": "gift"
}

coupon is gone. This is the standard way to prune nulls before writing JSON, and it is one of the cases where the parameter order matters. For filterObject and mapObject the lambda receives (value, key, index) — value first, because the value is what you filter on most of the time.

Example 76 — Turn fields into entries.

Companion source.

Input payload — turn-fields-into-entries-input.json:

{
  "sku": "PEN-01",
  "price": 2.5,
  "qty": 4
}

%dw 2.0
output application/json
---
payload pluck (value, key, index) -> { name: key as String, value: value, position: index }

Result:

[
  {
    "name": "sku",
    "value": "PEN-01",
    "position": 0
  },
  {
    "name": "price",
    "value": 2.5,
    "position": 1
  },
  {
    "name": "qty",
    "value": 4,
    "position": 2
  }
]

pluck walks an object and returns an array. Its callback receives the value, key and index, in that order. In contrast, mapObject returns an object. Choose the operation by the shape the next consumer needs.

The key has type Key; converting it to String makes a text comparison explicit. For example, compare (key as String) == "sku" when filtering by a field name. An ordinary equality comparison between a Key and a String does not make that conversion.

Objects: merging, and the merge that is not one

dw::core::Objects applies defaults and walks objects whose keys you do not know in advance. When an order overrides a default, the merge changes both the colliding value and its position:

Example 77 — Merge defaults and inspect entries.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
import mergeWith, nameSet, entrySet from dw::core::Objects
output application/json
var defaults = { currency: "USD", giftWrap: false }
var order    = { id: "A-1001", giftWrap: true }
---
{
  merged:  defaults mergeWith order,
  keys:    nameSet(order),
  entries: entrySet(order)
}

{
  "merged": {
    "currency": "USD",
    "id": "A-1001",
    "giftWrap": true
  },
  "keys": [
    "id",
    "giftWrap"
  ],
  "entries": [
    {
      "key": "id",
      "value": "A-1001",
      "attributes": {
        
      }
    },
    {
      "key": "giftWrap",
      "value": true,
      "attributes": {
        
      }
    }
  ]
}

mergeWith(source, target) layers the second object over the first, and the second wins on collision — the semantics you want for defaults-then-overrides. It is tempting to expect the keys to come out currency, giftWrap, id, source keys first. They do not. The colliding key moves to the position it has in the target: currency from the defaults, then id and giftWrap in the order the order supplied them. Key order rarely matters to a JSON consumer and always matters to a golden-file test, which chapter 15 is about.

nameSet returns the keys as strings. entrySet explodes an object into entries, and each entry has three fields, not two: key, value and attributes. The third is empty for JSON and looks like noise until you feed the function an XML value. entrySet on <order id="A-1001"><customer>Dana</customer></order> gives one entry: key order, value { customer: "Dana" }, attributes { id: "A-1001" }. XML attribute decoration, introduced in chapter 19, surfaces there as data, and the empty attributes on a JSON entry is the price of one function serving both formats.

mergeWith versus ++

Object spreading gives us another way to combine fields. It is tempting to think defaults ++ order and defaults mergeWith order are the same thing. The difference is a duplicate key:

Example 78 — Compare merge and concatenation.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import * from dw::core::Objects
output application/json
var defaults = { currency: "USD", giftWrap: false }
var order    = { id: "A-1001", giftWrap: true }
---
{
  reversed:   order mergeWith defaults,
  plusOp:     defaults ++ order,
  hasId:      order someEntry (value, key) -> key ~= "id",
  allSet:     order everyEntry (value, key) -> value != null,
  fromEntries: entrySet(order) map { ($.key): $.value }
}

{
  "reversed": {
    "id": "A-1001",
    "currency": "USD",
    "giftWrap": false
  },
  "plusOp": {
    "currency": "USD",
    "giftWrap": false,
    "id": "A-1001",
    "giftWrap": true
  },
  "hasId": true,
  "allSet": true,
  "fromEntries": [
    {
      "id": "A-1001"
    },
    {
      "giftWrap": true
    }
  ]
}

plusOp contains giftWrap twice because ++ concatenates the objects’ pairs. The model permits repeated keys and the JSON writer emits them both, as this output shows. A consumer that reduces those pairs to a map decides which value survives, so different parsers may produce different answers. Use mergeWith when the second object’s value should win a collision. ++ suits disjoint keys, when the key sets are disjoint.

reversed shows precedence from the other side: order mergeWith defaults lets the defaults win, and giftWrap is back to false. someEntry and everyEntry are the quantifiers, with (value, key) in that order like filterObject. The last line is the round trip, entrySet then map back into single-key objects — the generic form of “do something to every key” when mapObject is not enough.

The null that overrides a default

Dana’s coupon: null raises a different defaults question: should a present key with no value override "NONE"? The merge treats it as an override:

Example 79 — Choose whether null replaces a default.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import mergeWith from dw::core::Objects
output application/json
var defaults = { currency: "USD", coupon: "NONE" }
---
{
  merged:   defaults mergeWith { coupon: payload.coupon },
  guarded:  defaults mergeWith { coupon: payload.coupon default "NONE" },
  stripped: defaults mergeWith ({ coupon: payload.coupon } filterObject (v) -> v != null)
}

{
  "merged": {
    "currency": "USD",
    "coupon": null
  },
  "guarded": {
    "currency": "USD",
    "coupon": "NONE"
  },
  "stripped": {
    "currency": "USD",
    "coupon": "NONE"
  }
}

A key that is present with a null value is a real key, and it wins. The default is replaced by nothing. Whether that is right depends on what the source meant by null, and the two fixes encode the two answers. default "NONE" on the value says “null means use the default”. filterObject (v) -> v != null on the whole override says “null keys are not overrides at all”. I use the second when the override object is built from a feed, because it handles every key at once instead of needing a default on each.

Pair parallel arrays

zip combines two parallel arrays. It stitches them into pairs and stops at the shorter one:

Example 80 — Pair arrays with zip.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
{
  even:   ["PEN-01", "PAD-22"] zip [2.5, 6.0],
  uneven: ["PEN-01", "PAD-22", "CLP-08"] zip [2.5, 6.0],
  toObject: { (["PEN-01", "PAD-22"] zip [2.5, 6.0] map { ($[0]): $[1] }) }
}

{
  "even": [
    [
      "PEN-01",
      2.5
    ],
    [
      "PAD-22",
      6
    ]
  ],
  "uneven": [
    [
      "PEN-01",
      2.5
    ],
    [
      "PAD-22",
      6
    ]
  ],
  "toObject": {
    "PEN-01": 2.5,
    "PAD-22": 6
  }
}

CLP-08 had no price to pair with and was dropped without comment. The toObject line turns the pairs into a lookup. It uses the two object-construction forms introduced earlier in this chapter: a dynamic key, ($[0]), and an array of objects in parentheses inside { }.

Exercises

Shout the keys. Use mapObject to return the first item with every key upper-cased and every value unchanged. Run it. Why does the key need parentheses?

Show answer

Example 81 — Uppercase object keys.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items[0] mapObject (value, key) -> { (upper(key)): value }

{
  "SKU": "PEN-01",
  "PRICE": 2.5,
  "QTY": 4
}

Without the parentheses, upper(key): value is not a valid key. Parentheses tell DataWeave to evaluate the expression and use its result as the key; a bare word is taken literally.


Object concatenation, replacement on collision and omission of a field express different policies. Check a colliding key and a present null before accepting a merge as a defaults mechanism.







Chapter

11

Group Records into Reports


The category report needs a total for each group of lines. We already know how to sum an array and transform an object. groupBy supplies the missing step: the collection of arrays to summarize.

[image: Five fixture lines form three category groups. Writing holds both PEN-01 lines and INK-03; paper holds PAD-22; desk holds CLP-08. The groupBy result is an object with arrays as its values. Pluck turns those groups into three summary objects in an array, with lineCount values 3, 1 and 1. SKU labels abbreviate full line objects and do not deduplicate the two PEN-01 lines.]

groupBy: an array becomes an object

groupBy takes an array and a key expression, and returns an object. Each grouping value becomes a key; its value is an array of the items in that group:

Example 82 — Group lines by category.

Companion source.

Input payload — lines.json:

[
  { "orderId": "A-1001", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 4 },
  { "orderId": "A-1001", "sku": "PAD-22", "name": "Notepad A5",   "category": "paper",   "price": 6.0, "qty": 2 },
  { "orderId": "A-1001", "sku": "CLP-08", "name": "Binder Clips", "category": "desk",    "price": 1.0, "qty": 10 },
  { "orderId": "A-1008", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 1 },
  { "orderId": "A-1008", "sku": "INK-03", "name": "Ink Refill",   "category": "writing", "price": 3.0, "qty": 3 }
]

%dw 2.0
output application/json
---
payload groupBy (line) -> line.category

{
  "writing": [
    {
      "orderId": "A-1001",
      "sku": "PEN-01",
      "name": "Gel Pen",
      "category": "writing",
      "price": 2.5,
      "qty": 4
    },
    {
      "orderId": "A-1008",
      "sku": "PEN-01",
      "name": "Gel Pen",
      "category": "writing",
      "price": 2.5,
      "qty": 1
    },
    {
      "orderId": "A-1008",
      "sku": "INK-03",
      "name": "Ink Refill",
      "category": "writing",
      "price": 3.0,
      "qty": 3
    }
  ],
  "paper": [
    {
      "orderId": "A-1001",
      "sku": "PAD-22",
      "name": "Notepad A5",
      "category": "paper",
      "price": 6.0,
      "qty": 2
    }
  ],
  "desk": [
    {
      "orderId": "A-1001",
      "sku": "CLP-08",
      "name": "Binder Clips",
      "category": "desk",
      "price": 1.0,
      "qty": 10
    }
  ]
}

Three keys, in the order their first member appeared. The writing group holds three lines from two different orders. The lambda gets (item, index) like map does, and whatever it returns becomes a key.

Keys are keys, not numbers

Grouping by quantity shows a distinction between a number and a field name: the keys are the quantities, but they are no longer numbers:

Example 83 — Inspect numeric group keys.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
{
  byQty: (payload groupBy (line) -> line.qty) mapObject (lines, key) -> { (key): lines map $.sku },
  keyTypes: keysOf(payload groupBy (line) -> line.qty) map typeOf($),
  pickByString: (payload groupBy (line) -> line.qty)."4" map $.sku,
  pickByNumber: (payload groupBy (line) -> line.qty)[4]
}

{
  "byQty": {
    "4": [
      "PEN-01"
    ],
    "2": [
      "PAD-22"
    ],
    "10": [
      "CLP-08"
    ],
    "1": [
      "PEN-01"
    ],
    "3": [
      "INK-03"
    ]
  },
  "keyTypes": [
    "Key",
    "Key",
    "Key",
    "Key",
    "Key"
  ],
  "pickByString": [
    "PEN-01"
  ],
  "pickByNumber": [
    {
      "orderId": "A-1008",
      "sku": "INK-03",
      "name": "Ink Refill",
      "category": "writing",
      "price": 3.0,
      "qty": 3
    }
  ]
}

Every key of an object is of type Key, whatever you grouped by, and it prints as a string. To select the group for quantity four you select the key named "4". The bracket form [4] is a positional selector. On an object it returns the value at position four, counting from zero: the fifth group, which is the ink refill. There is no error, because both are valid selections. Whenever you group by a number, a date, or anything that is not already a string, you will be reading it back by name.

pluck: the inverse trip

pluck provides the next step when the grouped object needs to become report rows. It walks an object and returns an array, handing the lambda (value, key, index) for each entry. mapObject would keep the result as an object; pluck makes a list you can sort, count or reduce. Here each category group becomes one summary row:

Example 84 — Turn groups into summary rows.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(payload groupBy (line) -> line.category) pluck (lines, category) -> {
  category: category,
  lineCount: sizeOf(lines)
}

[
  {
    "category": "writing",
    "lineCount": 3
  },
  {
    "category": "paper",
    "lineCount": 1
  },
  {
    "category": "desk",
    "lineCount": 1
  }
]

groupBy then pluck turns these line items into summary rows — grouping collects the data by category, and plucking summarizes each group. The positional shorthands follow the parameter order. $ is the value, $$ the key and $$$ the index:

Example 85 — Inspect pluck callback parameters.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
{ orderId: "A-1001", customer: "Dana" } pluck { key: $$, value: $, index: $$$ }

[
  {
    "key": "orderId",
    "value": "A-1001",
    "index": 0
  },
  {
    "key": "customer",
    "value": "Dana",
    "index": 1
  }
]

This one-liner is also the quickest way to turn any object into a list of its entries, which is what you want when a target asks for [{ key, value }] pairs instead of a map.

Example 86 — Name the stages of a category report.

Companion source.

Input payload — name-the-stages-of-a-category-report-input.json:

[
  {
    "orderId": "A-1001",
    "sku": "PEN-01",
    "name": "Gel Pen",
    "category": "writing",
    "price": 2.5,
    "qty": 4
  },
  {
    "orderId": "A-1001",
    "sku": "PAD-22",
    "name": "Notepad A5",
    "category": "paper",
    "price": 6.0,
    "qty": 2
  },
  {
    "orderId": "A-1001",
    "sku": "CLP-08",
    "name": "Binder Clips",
    "category": "desk",
    "price": 1.0,
    "qty": 10
  },
  {
    "orderId": "A-1008",
    "sku": "PEN-01",
    "name": "Gel Pen",
    "category": "writing",
    "price": 2.5,
    "qty": 1
  },
  {
    "orderId": "A-1008",
    "sku": "INK-03",
    "name": "Ink Refill",
    "category": "writing",
    "price": 3.0,
    "qty": 3
  }
]

%dw 2.0
output application/json
var groups = payload groupBy (line) -> line.category
var rows = groups pluck (lines, category) -> { category: category as String, revenue: sum(lines map (line) -> line.price * line.qty) }
---
rows orderBy (row) -> -row.revenue

Result:

[
  {
    "category": "writing",
    "revenue": 21.5
  },
  {
    "category": "paper",
    "revenue": 12
  },
  {
    "category": "desk",
    "revenue": 10
  }
]

The first definition produces an object of groups. The second produces an array of report rows. The body sorts that array. Each name identifies both a useful intermediate result and a place to inspect the transformation if a total is wrong.

The source contains five lines, so the writing group includes both PEN-01 orders and the ink refill. Grouping by category preserves all their contributions. Deduplicating by SKU beforehand would answer a different question and lose revenue.

Putting it together, and the lambda that eats the rest

The flat line items now need to become revenue by category, sorted highest first, with a flag on the big group. Here is a first attempt — chaining pluck and orderBy the way the prose reads:

Example 87 — A sort inside the wrong expression.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(payload groupBy (line) -> line.category)
  pluck (lines, category) -> {
    category: category,
    revenue: sum(lines map (l) -> l.price * l.qty)
  }
  orderBy (row) -> -row.revenue

[ERROR] Error while executing the script:
[ERROR] You called the function '-' with these arguments: 
  1: Null (null)

But it expects arguments of these types:
  1: Number


9|   orderBy (row) -> -row.revenue
                      ^^^^^^^^^^^^
Trace:
  at 087-precedence-swallowed::orderBy (line: 9, column: 20)
  at 087-precedence-swallowed::main (line: 9, column: 3) at:

9|   orderBy (row) -> -row.revenue
                      ^^^^^^^^^^^^

The null reaching unary minus tells us that the callback did not receive the summary row it expected. A lambda’s body extends as far to the right as the parser can take it, so the pluck body includes { ... } orderBy (row) -> -row.revenue. Each group becomes an object, and orderBy then runs on that single object. Its callback receives individual values rather than complete summary rows. A pair of parentheses closes the pluck call before orderBy begins. The sort then receives the array of rows, each with the revenue field its callback needs:

Example 88 — Sort the completed category report.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
((payload groupBy (line) -> line.category)
  pluck (lines, category) -> {
    category: category,
    revenue: sum(lines map (l) -> l.price * l.qty),
    (topSeller: true) if (sizeOf(lines) >= 3)
  })
  orderBy (row) -> -row.revenue

[
  {
    "category": "writing",
    "revenue": 21.5,
    "topSeller": true
  },
  {
    "category": "paper",
    "revenue": 12
  },
  {
    "category": "desk",
    "revenue": 10
  }
]

Grouping, summarising, ranking and adding the conditional flag now fit in one expression, with no intermediate variables. The rule that makes it work is the one chapter 8’s two-key sort also needed: when a call with a lambda is followed by another infix call, parenthesise the first. The map calls earlier in the chapter got away without it only because a comma or a closing brace ended the lambda for them. A chain of infix calls with lambdas is the one place in DataWeave where I add parentheses before I have seen the error. The error, when it comes, points at the wrong line.

Exercises

Units per order. From the flat line list, produce one row per order with the order id, the total units ordered, and the list of SKUs. Run it. Which two functions did you use, and in which order?

Show answer

Example 89 — Summarize units per order.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(payload groupBy (line) -> line.orderId) pluck (lines, orderId) -> {
  orderId: orderId,
  units: sum(lines.qty),
  skus: lines.sku
}

[
  {
    "orderId": "A-1001",
    "units": 16,
    "skus": [
      "PEN-01",
      "PAD-22",
      "CLP-08"
    ]
  },
  {
    "orderId": "A-1008",
    "units": 4,
    "skus": [
      "PEN-01",
      "INK-03"
    ]
  }
]

groupBy then pluck. lines.qty and lines.sku are chapter 9’s dot on an array, projecting over the elements — it saves a map each.


The best-selling SKU. Across both orders, find the single SKU with the highest revenue, as { sku, revenue }. Run it. Count your parentheses before you run it, then count them again after.

Show answer

Example 90 — Find the highest-revenue SKU.

Companion source.

Use lines.json as payload, as above.

%dw 2.0
output application/json
---
(((payload groupBy (line) -> line.sku)
  pluck (lines, sku) -> { sku: sku, revenue: sum(lines map (l) -> l.price * l.qty) })
  orderBy (row) -> -row.revenue)[0]

{
  "sku": "PEN-01",
  "revenue": 12.5
}

PEN-01 wins because its two lines add up, 10 plus 2.5, ahead of the notepad’s 12. Three opening parentheses: one for the groupBy, one closing the pluck before orderBy, and one closing orderBy before [0]. Drop the middle one and you get the null error from the last section.


Check a grouped report against an independent total of the source lines. Agreement does not prove every label is right, but disagreement is a useful signal that a line was lost, duplicated or assigned to the wrong group.







Chapter

12

Enrich Records from a Lookup


An order knows which SKU was bought; the catalogue knows its current display name. Enrichment combines those two sources. The important decisions are what identifies a match, what happens when none exists, and what happens when more than one exists.

[image: Order SKU: PEN-01: CLP-08. Catalogue lookup: One PEN-01 entry: No CLP-08 entry. Enriched lines: Product name: Documented fallback. A join can return multiple matches; check the resulting line count.]

Example 91 — Read a catalogue lookup.

Companion source.

Input payload — read-a-catalogue-lookup-input.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4
    },
    {
      "sku": "PAD-22",
      "price": 6.0,
      "qty": 2
    },
    {
      "sku": "CLP-08",
      "price": 1.0,
      "qty": 10
    }
  ]
}

%dw 2.0
output application/json
var catalogue = { "PEN-01": { name: "Gel pen" }, "PAD-22": { name: "A5 notepad" } }
---
payload.items map (item) -> { sku: item.sku, name: catalogue[item.sku].name default "(not in catalogue)", qty: item.qty }

Result:

[
  {
    "sku": "PEN-01",
    "name": "Gel pen",
    "qty": 4
  },
  {
    "sku": "PAD-22",
    "name": "A5 notepad",
    "qty": 2
  },
  {
    "sku": "CLP-08",
    "name": "(not in catalogue)",
    "qty": 10
  }
]

The brackets contain an expression this time. item.sku supplies the key to select from the catalogue. The clips have no entry, so the missing path gives null and the default supplies the label.

This lookup assumes each SKU identifies one catalogue entry. Decide that rule before building the lookup from a list that might contain duplicates. Choosing the first record, choosing the latest and rejecting the conflict are different policies.

Exercises

A name lookup. Build an object from SKU to product name, with each SKU once. Run it. What happens if you leave out the distinctBy?

Show answer

Example 92 — Build a unique name lookup.

Companion source.

Input payload — lines.json:

[
  { "orderId": "A-1001", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 4 },
  { "orderId": "A-1001", "sku": "PAD-22", "name": "Notepad A5",   "category": "paper",   "price": 6.0, "qty": 2 },
  { "orderId": "A-1001", "sku": "CLP-08", "name": "Binder Clips", "category": "desk",    "price": 1.0, "qty": 10 },
  { "orderId": "A-1008", "sku": "PEN-01", "name": "Gel Pen",      "category": "writing", "price": 2.5, "qty": 1 },
  { "orderId": "A-1008", "sku": "INK-03", "name": "Ink Refill",   "category": "writing", "price": 3.0, "qty": 3 }
]

%dw 2.0
output application/json
---
{ ((payload distinctBy (line) -> line.sku) map (line) -> { (line.sku): line.name }) }

{
  "PEN-01": "Gel Pen",
  "PAD-22": "Notepad A5",
  "CLP-08": "Binder Clips",
  "INK-03": "Ink Refill"
}

Without distinctBy, PEN-01 appears twice in the spread, exactly as in the bySku example, and the JSON carries a duplicate key. And the distinctBy call needs its own parentheses, or its lambda swallows the map. Without them the run fails, with map being called on the String "PEN-01".


Joining two arrays

The function I see rewritten most often, usually as a nested map with a filter inside it, is a join. The order’s lines carry SKUs and the catalogue carries names:

Example 93 — Keep unmatched lines in a left join.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
import leftJoin from dw::core::Arrays
output application/json
var catalog = [
  { sku: "PEN-01", name: "Gel pen" },
  { sku: "PAD-22", name: "A5 notepad" }
]
---
leftJoin(payload.items, catalog, (i) -> i.sku, (c) -> c.sku)
  map { sku: $.l.sku, qty: $.l.qty, name: $.r.name default "(not in catalog)" }

[
  {
    "sku": "PEN-01",
    "qty": 4,
    "name": "Gel pen"
  },
  {
    "sku": "PAD-22",
    "qty": 2,
    "name": "A5 notepad"
  },
  {
    "sku": "CLP-08",
    "qty": 10,
    "name": "(not in catalog)"
  }
]

leftJoin takes the two arrays and a key function for each, and returns pairs under the keys l and r. CLP-08 is not in the catalogue, so its r is absent — where the default earns its place. The SQL vocabulary is deliberate: join drops the unmatched line instead. outerJoin, run against a catalogue carrying a stapler nobody ordered, returned four rows, with STP-03 having no l.

Example 94 — Keep duplicate catalogue matches visible.

Companion source.

%dw 2.0
import leftJoin from dw::core::Arrays
output application/json
var items = [{ sku: "PEN-01", qty: 4 }]
var catalogue = [{ sku: "PEN-01", name: "Old label" }, { sku: "PEN-01", name: "New label" }]
---
leftJoin(items, catalogue, (item) -> item.sku, (product) -> product.sku)

Result:

[
  {
    "l": {
      "sku": "PEN-01",
      "qty": 4
    },
    "r": {
      "sku": "PEN-01",
      "name": "Old label"
    }
  },
  {
    "l": {
      "sku": "PEN-01",
      "qty": 4
    },
    "r": {
      "sku": "PEN-01",
      "name": "New label"
    }
  }
]

One order line now matches two catalogue entries. Inspect the number of returned pairs before projecting them into a report. If both matches are carried into a revenue calculation, the order line can be counted twice.

A left join promises to retain left-side records; it does not promise exactly one result per left-side record when the right side has duplicate keys. The source contract or an explicit conflict-resolution step has to establish uniqueness.

Try it

Remove every catalogue entry and run the left join on the three order lines. Predict the number of results and decide how an absent product name should be represented.

Show answer

A left join retains the three order lines. Their right-side match is absent, so the selected name is null and can receive the documented fallback. An inner join would drop unmatched lines. Test the count as well as the name: a plausible fallback label cannot reveal a missing line.


Use a lookup for a documented one-entry-per-key source. Use a join when you need its matching semantics, then test the cardinality of the result. Neither mechanism can decide which conflicting supplier record is authoritative.







Chapter

13

Carry a Result through reduce


A sum gives us the final order amount. A running-total report needs the amount after each line: 10, then 22, then 32. Each new result depends on what has already been accumulated. That dependency is where a fold becomes useful.

[image: An empty input goes through two reduce expressions. Without a seed, the result is null. With an accumulator seeded to zero, the result is zero because there are no elements to change it. On nonempty input the accumulator carries the running result between elements.]

reduce: many in, one out

reduce walks the array carrying a running result, the accumulator, and returns whatever the accumulator ends up as. The lambda’s parameters are, in this order, the current item and the accumulator:

Example 95 — Seed a running sum.

Companion source.

%dw 2.0
output application/json
---
[10, 20, 30] reduce (item, accumulator = 0) -> accumulator + item

Result:

60

The accumulator starts at zero. The three steps produce 10, then 30, then 60; the final value is the result of the fold. The seed also gives an empty input a defined result of zero.

The item remains the first parameter, but the second now carries the accumulated result. In map and filter that position held the index. With positional shorthand, $ still means the item while $$ now means the accumulator. A callback copied from one operation to another can therefore keep compiling while referring to a different value.

The positional trap, shown

For a sum it does not matter, since $ + $$ and $$ + $ are the same number. For anything that is not commutative, the swap produces a wrong answer with no error. Join the SKUs into a comma-separated list, both ways:

Example 96 — Distinguish the item from the accumulator.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  accThenItem: payload.items.sku reduce ($$ ++ "," ++ $),
  itemThenAcc: payload.items.sku reduce ($ ++ "," ++ $$)
}

{
  "accThenItem": "PEN-01,PAD-22,CLP-08",
  "itemThenAcc": "CLP-08,PAD-22,PEN-01"
}

The second string has the right SKUs in reverse order, so a test that checks only membership will pass. I name the parameters every time I write reduce. (item, acc) makes the accumulator’s position visible to a reviewer; $ and $$ conceal it.

The seed, and why you almost always want one

You can give the accumulator a starting value, the seed, with a default on its parameter. Here are the four combinations that matter, in one script:

Example 97 — Compare seeded and unseeded folds.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  seeded:   [10, 20, 30] reduce (item, acc = 0) -> acc + item,
  unseeded: [10, 20, 30] reduce (item, acc) -> acc + item,
  emptySeeded:   [] reduce (item, acc = 0) -> acc + item,
  emptyUnseeded: [] reduce (item, acc) -> acc + item
}

{
  "seeded": 60,
  "unseeded": 60,
  "emptySeeded": 0,
  "emptyUnseeded": null
}

The two non-empty cases both return 60, hiding their different starting points. With a seed, the accumulator starts at 0 and reduce visits all three items: 0 + 10, then + 20, then + 30. Without a seed, reduce uses the first element as the accumulator’s initial value and starts iterating from the second. So acc begins at 10, then 10 + 20, then + 30. Same answer, different route — and the route only shows when something about the array changes.

The third and fourth lines are the empty-array case. With no seed and nothing to seed from, reduce has no accumulator to return, so it returns null. Adding = 0 gives the empty case a defined answer.

The empty-order case belongs beside the ordinary order in a test. A non-empty sum can hide the missing seed because both versions produce the same number; an empty input exposes whether the transform promises 0 or returns null. Checking both keeps that decision in the script that owns the total.

The seed sets the accumulator’s type

A seed also matters when the array is non-empty: it determines the accumulator’s initial shape. When the result is a different shape from the elements, the unseeded first element is the wrong kind of thing. Build that comma-separated SKU list again, this time from the item objects rather than the SKU strings. Leave the seed off:

Example 98 — An accumulator starts with the wrong type.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items reduce (item, acc) -> acc ++ "," ++ item.sku

[ERROR] Error while executing the script:
[ERROR] You called the function '++' with these arguments: 
  1: Object ({sku: "PEN-01",price: 2.5,qty: 4})
  2: String (",")

But it expects one of these combinations:
  (Array, Array)
  (Date, Time)
  (Date, LocalTime)
  (Date, TimeZone)
  (LocalDateTime, TimeZone)
  (LocalTime, Date)
  (LocalTime, TimeZone)
  (Object, Object)
  (String, String)
  (Time, Date)
  (TimeZone, LocalDateTime)
  (TimeZone, Date)
  (TimeZone, LocalTime)

4| payload.items reduce (item, acc) -> acc ++ "," ++ item.sku
                                           ^^
Trace:
  at 098-reduce-unseeded-type::++ (line: 4, column: 41)
  at 098-reduce-unseeded-type::reduce (line: 4, column: 48)
  at 098-reduce-unseeded-type::main (line: 4, column: 15) at:

4| payload.items reduce (item, acc) -> acc ++ "," ++ item.sku
                                           ^^

The first argument in the error, Object ({sku: "PEN-01", ...}), is the accumulator. It started as the first item, but this expression needs a String, and ++ has no overload for an object and a string. Seeding with "" repairs the type and lets the script run. It also produces a leading comma: the accumulator’s type is now right, but the separator logic still needs work. For this task, joinBy handles the separator directly.

Building an object from a list

An orders pipeline often needs a lookup keyed by SKU. Each input element is an item object, while the result is a single lookup object. Starting with {} gives the fold that result shape:

Example 99 — Build an object with a seeded fold.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items reduce (item, acc = {}) -> acc ++ { (item.sku): item.qty }

{
  "PEN-01": 4,
  "PAD-22": 2,
  "CLP-08": 10
}

Each step merges a one-key object onto the accumulator with ++. The parentheses around item.sku make the key dynamic — the expression is evaluated and its value becomes the key, instead of the literal text item.sku. Chapter 10 introduced this dynamic-key syntax.

Now drop the seed:

Example 100 — Try building an object without a seed.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items reduce (item, acc) -> acc ++ { (item.sku): item.qty }

{
  "sku": "PEN-01",
  "price": 2.5,
  "qty": 4,
  "PAD-22": 2,
  "CLP-08": 10
}

Here ++ accepts both operands, so the missing seed produces a malformed lookup without an error. The first item’s three keys remain in the result beside the two correctly built lookups, and PEN-01 has no entry at all. I find this failure worse than the type error: the output is still an object and may pass a loose schema. Starting with {} establishes the intended lookup shape before any item contributes to it.

A fold no stock function does

A map processes individual items without any running state, and sum returns only the final number. A sequence of running totals needs a custom accumulator, because each output depends on the previous result. Seed with an empty array and append to it:

Example 101 — Keep a history of running totals.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items reduce (item, acc = []) -> acc ++ [ (acc[-1] default 0) + item.price * item.qty ]

[
  10,
  22,
  32
]

acc[-1] is the last element so far. default 0 covers the first step, when the accumulator is still empty and acc[-1] is null. This is the same null fallback introduced in chapter 4. The pattern generalises — whenever the next value depends on the previous result, the previous result lives in the accumulator.

Flattening, and when not to reduce

An array accumulator can flatten nested arrays by starting with [] and concatenating each inner array. Comparing that fold with the library’s flatten shows how much of the mechanism the caller needs to spell out:

Example 102 — Flatten arrays with a fold.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  byHand: [[1, 2], [3, 4], [5]] reduce (item, acc = []) -> acc ++ item,
  stock:  flatten([[1, 2], [3, 4], [5]])
}

{
  "byHand": [
    1,
    2,
    3,
    4,
    5
  ],
  "stock": [
    1,
    2,
    3,
    4,
    5
  ]
}

The outputs are identical, and flatten states the operation in its name. Although these operations can be expressed as folds, sum, flatten, groupBy, joinBy and distinctBy make their intent visible without a custom accumulator. The named version reads better, it cannot get the seed wrong, and it cannot swap $ and $$.

Arrays: the folds reduce was doing by hand

The comparison above recommended named operations when they express the intended result without exposing an accumulator. dw::core::Arrays supplies operations for totaling, counting and splitting Dana’s three items after the inventory service adds a stock flag:

Example 103 — Sum, count and partition by a predicate.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
import sumBy, countBy, partition from dw::core::Arrays
output application/json
var items = [
  { sku: "PEN-01", price: 2.5, qty: 4,  inStock: true },
  { sku: "PAD-22", price: 6.0, qty: 2,  inStock: false },
  { sku: "CLP-08", price: 1.0, qty: 10, inStock: true }
]
---
{
  revenue:   items sumBy (i) -> i.price * i.qty,
  backorder: items countBy (i) -> not i.inStock,
  split:     items partition (i) -> i.inStock
}

{
  "revenue": 32,
  "backorder": 1,
  "split": {
    "success": [
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 4,
        "inStock": true
      },
      {
        "sku": "CLP-08",
        "price": 1,
        "qty": 10,
        "inStock": true
      }
    ],
    "failure": [
      {
        "sku": "PAD-22",
        "price": 6,
        "qty": 2,
        "inStock": false
      }
    ]
  }
}

sumBy totals a computed column with no accumulator to seed. countBy counts the elements for which the predicate is true. partition splits by a test into success and failure — those two key names are fixed, whatever the test is about. The valid-rows-here, rejects-there split of an ingest is one partition call.

More of the module, run on the order itself:

Example 104 — Check and select array members.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import * from dw::core::Arrays
output application/json
var items = payload.items
---
{
  sumOfNothing:  [] sumBy (i) -> i.price,
  countOfNothing: [] countBy (i) -> true,
  allPositive:   items every (i) -> i.qty > 0,
  anyBulk:       items some (i) -> i.qty >= 10,
  firstBulk:     items firstWith (i) -> i.qty >= 10,
  noneFound:     items firstWith (i) -> i.qty > 100,
  skuIndex:      items indexOf { sku: "PAD-22", price: 6.0, qty: 2 },
  head:          items take 1
}

{
  "sumOfNothing": 0,
  "countOfNothing": 0,
  "allPositive": true,
  "anyBulk": true,
  "firstBulk": {
    "sku": "CLP-08",
    "price": 1.0,
    "qty": 10
  },
  "noneFound": null,
  "skuIndex": 1,
  "head": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4,
      "note": null
    }
  ]
}

The first two lines are the reason to prefer these over a hand-written fold — on an empty array they return 0, because the seed is built in. every and some are the quantifiers. firstWith is filter followed by [0] without the intermediate array, and returns null when nothing matches. indexOf finds an element by structural equality, which is why the whole object had to be spelled out to find PAD-22.

CLP-08’s price printed as 1.0 here and as 1 in the previous script. Do not build a rule on that. The same filter run as the whole script body printed 1, although it copies the value straight from the JSON, while the identical expression inside an object field printed 1.0. Whether the JSON writer keeps a trailing .0 is not something this book could pin to a rule, so treat 1 and 1.0 as the same number and format explicitly when the digits matter.

Two ways an Arrays call fails

sumBy on a field the items do not have fails loudly. Its diagnostic shows the seeded reduce used inside the library. payload.items sumBy (i) -> i.discount stops with You called the function '+' with these arguments: 1: Null (null) 2: Number (0), followed by every combination + does accept, and a trace into the library’s own line 293: ($ reduce (item: T, carry: Number = 0) -> numberSelector(item) + carry). There is the source again — sumBy is a reduce with carry: Number = 0, and null + 0 has no overload.

countBy with a predicate that returns a number fails the way chapter 13’s filter did: payload.items countBy (i) -> i.qty stopped with Invalid if condition type. Expecting type Boolean but got Number(4), because if will not coerce. Write the comparison you mean.

When to reach for reduce

The running total and the lookup show how reduce carries a custom result from item to item. The opening order total uses the same mechanism with a numeric seed:

Example 105 — Calculate an order total with reduce.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  orderId: payload.orderId,
  total: payload.items reduce (item, acc = 0) -> acc + (item.price * item.qty)
}

{
  "orderId": "A-1001",
  "total": 32
}

Run it against A-1007, the empty order from the top of the chapter, and the total is 0 rather than null. That = 0 supplies the accumulator seed the opening script was missing.

I would go one step further than “seed it”. For a plain total, sum(payload.items map $.price * $.qty) says the same thing with no accumulator to get wrong. It returns 0 on an empty array without you having to remember why. reduce is for when sum will not do.

Exercises

Count the bulk lines two ways. Count the items in A-1001 with a quantity of four or more, once with filter and sizeOf, and once with reduce alone. Run both. Which one would you leave in a script a colleague maintains, and why does the reduce version need a seed here even though the array is not empty?

Show answer

Example 106 — Count qualifying items with a fold.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  viaFilter: sizeOf(payload.items filter (item) -> item.qty >= 4),
  viaReduce: payload.items reduce (item, acc = 0) -> if (item.qty >= 4) acc + 1 else acc
}

{
  "viaFilter": 2,
  "viaReduce": 2
}

The filter version is the one to keep: it says “count the ones that pass”. The reduce version needs = 0 because the accumulator is a count, not an item. Unseeded, it would start as the first item object, and acc + 1 would fail on an object.


The most valuable line. Use reduce to return the single item whose price * qty is largest. Run it. Does this one need a seed? What happens on an empty order, and is that acceptable?

Show answer

Example 107 — Choose the largest line amount.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items reduce (item, acc) -> if (item.price * item.qty > acc.price * acc.qty) item else acc

{
  "sku": "PAD-22",
  "price": 6,
  "qty": 2
}

This is the rare fold where the unseeded form is right. The accumulator is an item, so starting from the first item is exactly what you want, and there is no neutral “zero item” to seed with. On an empty order it returns null, and here that is the honest answer — there is no most valuable line. Whether the downstream system can take a null is a separate question. Chapter 4’s default is how you decide what it gets instead.


Before keeping a custom fold, describe its accumulator after each input. Its seed establishes the empty case and the starting shape. If a library operation already expresses the result, use it and keep the custom state out of the calling script.
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State Contracts and Branch on Input Shape


A helper used by several transformations needs a clear input contract. Primitive annotations describe individual values; a structural type can describe an item. We will inspect what those checks establish before using types to choose a branch.

[image: The numeric string 2.50 can be explicitly coerced to the Number 2.5. Arithmetic with four can produce ten. Ordinary equality does not make the string equal to a Number; explicit conversion gives a numeric comparison. Number formatting remains a writer decision.]

is, and what it does not check

is tests a value against a type and returns a Boolean. It never converts:

Example 108 — Check scalar and collection types.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  qtyIsNumber: payload.items[0].qty is Number,
  skuIsString: payload.items[0].sku is String,
  itemsIsArray: payload.items is Array,
  itemIsObject: payload.items[0] is Object,
  stringNotNumber: "42" is Number,
  missingIsNull: payload.coupon is Null,
  everythingIsAny: payload.items[0].qty is Any,
  typedArray: [1, 2, 3] is Array<Number>,
  mixedArray: [1, "2", 3] is Array<Number>
}

{
  "qtyIsNumber": true,
  "skuIsString": true,
  "itemsIsArray": true,
  "itemIsObject": true,
  "stringNotNumber": false,
  "missingIsNull": true,
  "everythingIsAny": true,
  "typedArray": true,
  "mixedArray": true
}

"42" is Number is false, which is the point of is: it asks what a value is, and a string that could become a number is still a string. payload.coupon is Null is true for a missing key, which makes is Null a usable guard before an as.

The last line is a limit, not a typo. [1, "2", 3] is Array<Number> is true, and so is [1, "two", 3] is Array<Number>, [1, 2] is Array<String>, and [{ a: 1 }] is Array<Number>, all of which were run. The runtime checks that the value is an array and does not walk its elements against the parameter. The element type is real for the type checker at compile time and for documentation; it is not a runtime assertion. If you need to verify that every element is a number, reach for every or a filter on is Number, not an is Array<Number>.

Types you define

The type directive names a type in the header. The simplest form is an alias, and two more forms do real work: a union, written with |, and a literal type, which narrows to specific values. Object types list their keys, mark optional ones with ?, and are open: an object with extra keys still matches.

Example 109 — Define order and line contracts.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
type Sku = String
type Tier = "gold" | "silver" | "bronze"
type Price = String | Number
type LineItem = { sku: Sku, price: Number, qty: Number, note?: String }
type Order = { orderId: String, customer: String, items: Array<LineItem> }
---
{
  goldIsTier: "gold" is Tier,
  platinumIsTier: "platinum" is Tier,
  stringPrice: "2.50" is Price,
  numberPrice: 2.5 is Price,
  boolPrice: true is Price,
  firstIsLineItem: payload.items[0] is LineItem,
  wholeIsOrder: payload is Order,
  wrongShape: { sku: "PEN-01", price: "2.50", qty: 4 } is LineItem,
  extraKey: { sku: "PEN-01", price: 2.5, qty: 4, colour: "blue" } is LineItem,
  withNote: { sku: "PEN-01", price: 2.5, qty: 4, note: "gift" } is LineItem
}

{
  "goldIsTier": true,
  "platinumIsTier": false,
  "stringPrice": true,
  "numberPrice": true,
  "boolPrice": false,
  "firstIsLineItem": true,
  "wholeIsOrder": true,
  "wrongShape": false,
  "extraKey": true,
  "withNote": true
}

wrongShape is false because its price is a string, and extraKey is true because colour is simply not mentioned. An object type specifies a minimum shape. That default suits integration work: an upstream system can add a field without breaking the type check. Price = String | Number is how you admit, in the type, that a feed sends a field both ways. Explicit coercion still belongs at the boundary, while the union records which input forms are accepted.

as against a literal type is a check with a coercion’s error message:

Example 110 — Reject an unknown literal-type value.

Companion source.

%dw 2.0
output application/json
type Tier = "gold" | "silver" | "bronze"
---
{ tier: "platinum" as Tier }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String ("platinum") to String | String | String

5| { tier: "platinum" as Tier }
           ^^^^^^^^^^^^^^^^^^
Trace:
  at 110-literal-type-as-fails::main (line: 5, column: 9) at:

5| { tier: "platinum" as Tier }
           ^^^^^^^^^^^^^^^^^^

The message spells the type out as String | String | String, having lost the literals, which is unhelpful and worth recognising when it appears. "gold" as Tier succeeds, and typeOf of the result is "String". A custom type does not survive to runtime as a distinct thing — it is a constraint that either held or did not.

One more as behaviour matters before you rely on object types. Coercing an object to an object type does not convert its fields:

Example 111 — Try coercing a whole object.

Companion source.

%dw 2.0
output application/json
type LineItem = { sku: String, price: Number, qty: Number }
---
{ item: { sku: "PEN-01", price: "2.50", qty: 4 } as LineItem }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Object ({sku: "PEN-01",price: "2.50",qty: 4}) to {(sku: String), (price: Number), (qty: Number)}

5| { item: { sku: "PEN-01", price: "2.50", qty: 4 } as LineItem }
           ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 111-object-type-as::main (line: 5, column: 9) at:

5| { item: { sku: "PEN-01", price: "2.50", qty: 4 } as LineItem }
           ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

as LineItem asked “is this already a LineItem”, found a string where a number should be, and stopped. It did not reach in and coerce "2.50". Convert each field when constructing the normalized object, using map when there is an array of items. The object type then documents and checks the result.

Types on functions, and where the check happens

Function annotations put these type rules to work at the call boundary. Chapter 5 introduced function calls and scalar annotations. Here, the parameters and return type show where a call is checked:

Example 112 — Declare a structural function parameter.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun lineTotal(price: Number, qty: Number): Number = price * qty
---
{ total: lineTotal(payload.items[0].price, payload.items[0].qty) }

{
  "total": 10
}

Run that exact script against the feed, where price and qty are the strings "2.50" and "4", and it prints the same { "total": 10 }. A Number parameter given a numeric string coerces it, the same way * does. The check is not “is the argument a Number” but “can the argument be made one”, and for a numeric string the answer is yes. The parameter type rejects what cannot be coerced:

Example 113 — Reject an incompatible function input.

Companion source.

Input payload — order_from_feed.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "placed": "13/09/2026",
  "items": [
    { "sku": "PEN-01", "price": "2.50", "qty": "4" },
    { "sku": "PAD-22", "price": "6.00", "qty": "2" },
    { "sku": "CLP-08", "price": "1.00", "qty": "10" }
  ]
}

%dw 2.0
output application/json
fun lineTotal(price: Number, qty: Number): Number = price * qty
---
{ total: lineTotal(payload.customer, payload.items[0].qty) }

[ERROR] Error while executing the script:
[ERROR] You called the function 'lineTotal' with these arguments: 
  1: String ("Dana")
  2: String (org.mule.weave.v2.module.core.json.reader.indexed.JsonString@1c843137)

But it expects arguments of these types:
  1: Number
  2: Number


5| { total: lineTotal(payload.customer, payload.items[0].qty) }
            ^^^^^^^^^
Trace:
  at 113-fun-signature-rejects::main (line: 5, column: 10) at:

5| { total: lineTotal(payload.customer, payload.items[0].qty) }
            ^^^^^^^^^

"Dana" cannot be a number, and the call fails with both arguments listed. The second appears as the reader’s internal string object — the CLI leaking an implementation detail. The same applies in the other direction: a String parameter given the number 42 receives "42", so fun shout(s: String) = upper(s) ++ "!" called as shout(42) returns "42!". What is not coerced is structure. A parameter typed Array given an object fails, with the same You called the function message and 1: Object in the arguments.

So a typed signature is a guarantee about what the body will see, not about what the caller passed. Inside lineTotal, price is a Number or the function was never entered, and the script that reaches the multiplication cannot be the one that concatenated "2.504".

A return annotation can reject the function declaration before the call runs. Here the body produces a number while the annotation promises a string:

Example 114 — Reject an incompatible return value.

Companion source.

%dw 2.0
output application/json
fun label(price: Number): String = price * 2
---
{ label: label(2.5) }

[ERROR] Error while executing the script:
[ERROR] Expecting Type: `String`, but got: `Number`.

3| fun label(price: Number): String = price * 2
                                      ^^^^^^^^^
Location:
114-fun-return-type-rejects (line: 3, column:36)

The message ends with Location: instead of Trace:, and its arrow points at the body rather than the call. This one was caught at compile time, before any input was read. The body’s type is known to be Number and the declaration says String, so the script is rejected as written. It is the one place in this chapter where the type system worked on the text rather than on a value. A return annotation is worth writing for exactly this reason — even on a one-line function.

match / case

match tests a value against a series of case patterns and evaluates to the right-hand side of the first one that fits. The simplest patterns are literal values:

Example 115 — Match literal values.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "status": "shipped",
  "coupon": null,
  "notes": "",
  "tags": ["gift", null, "rush"],
  "total": 32,
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
payload.status match {
  case "shipped"   -> "On its way"
  case "delivered" -> "Complete"
  case "cancelled" -> "Refunded"
  else             -> "Processing"
}

"On its way"

The else is the default arm; it catches anything the cases above did not. Leave it off and an unmatched value is not null and not the input passed through. It is an error:

Example 116 — Inspect an unmatched value.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
"returned" match {
  case "shipped"   -> "On its way"
  case "delivered" -> "Complete"
}

[ERROR] Error while executing the script:
[ERROR] None of the match cases matched: `String("returned")`.
TIP: Use `else -> <expression>` to match other cases.

4| "returned" match {
   ^^^^^^^^^^
Trace:
  at 116-match-no-match::main (line: 4, column: 1) at:

4| "returned" match {
   ^^^^^^^^^^

The error suggests adding an else, but the fallback needs a meaning the application can defend. Mapping every unknown status to "Processing" would also map a new upstream status such as "returned" there. For a status used to decide what happens to an order, I would rather fail and investigate. For a display label, a fallback may be appropriate. The choice depends on what the result controls.

Type patterns

A loosely-typed upstream system can send the same field as a number, a stringified number, or nothing at all. A case can match on type instead of value with is, so one transform can handle all three forms:

Example 117 — Match by type.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun asPrice(p) = p match {
  case is Number -> p
  case is String -> p as Number
  case is Null   -> 0
  else -> "unexpected " ++ typeOf(p)
}
---
["6.0", 6, null, true] map asPrice($)

[
  6,
  6,
  0,
  "unexpected Boolean"
]

"6.0" was coerced with chapter 3’s as Number and printed as 6. The value null has its own type, Null, and matches case is Null. The Boolean fell through to the else, which builds a message from typeOf. That last arm helps during development. Before production, a wrong type should fail rather than write a string where a number belongs.

Binding and guards

A guarded case binds the matched value to a name and tests it with if. It can express the same threshold choices as the else if ladder, with each condition beside its result. The first case that fits wins, so the order of the guards determines the result. Getting it backwards produces a wrong answer with no error. Both orders, side by side:

Example 118 — Add guards to matching cases.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun tier(total) = total match {
  case t if (t >= 500) -> "platinum"
  case t if (t >= 100) -> "gold"
  case t if (t > 0)    -> "standard"
  else                 -> "empty cart"
}
fun tierWrongOrder(total) = total match {
  case t if (t > 0)    -> "standard"
  case t if (t >= 100) -> "gold"
  case t if (t >= 500) -> "platinum"
  else                 -> "empty cart"
}
---
{
  right: [0, 32, 150, 600] map tier($),
  wrong: [0, 32, 150, 600] map tierWrongOrder($)
}

{
  "right": [
    "empty cart",
    "standard",
    "gold",
    "platinum"
  ],
  "wrong": [
    "empty cart",
    "standard",
    "standard",
    "standard"
  ]
}

In tierWrongOrder, t > 0 is true for every positive total, so nothing ever reaches gold or platinum. Order the guards from most to least specific, and read them top to bottom the way the runtime does. t is the value being matched, available on the right-hand side, and you can combine the binding with a type test: case t is String -> ... binds and checks.

Exercises

Guard, then coerce. The customer tier arrives as free text. Write a script that outputs the tier if it is one of gold, silver or bronze, and "bronze" otherwise, using a literal type and is. Run it with "platinum".

Show answer

Example 119 — Guard a customer tier.

Companion source.

%dw 2.0
output application/json
type Tier = "gold" | "silver" | "bronze"
var tier = "platinum"
---
{ tier: if (tier is Tier) tier else "bronze" }

{
  "tier": "bronze"
}

is Tier is false for "platinum", so the else branch supplies the floor. "platinum" as Tier would have stopped the script instead, which is the other reasonable design, depending on whether an unknown tier is bad data or a downgrade.


Fill the hole in the tags. Dana’s tags are ["gift", null, "rush"]. Produce a list where the null becomes "(none)", "rush" is upper-cased, and any other tag passes through. Run it. Which pattern forms did you need?

Show answer

Example 120 — Fill a missing tag.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.tags map (tag) -> tag match {
  case is Null -> "(none)"
  case "rush"  -> "RUSH"
  case t is String -> t
}

[
  "gift",
  "(none)",
  "RUSH"
]

A type pattern for the null, a literal for "rush", and a binding-plus-type for the pass-through. There is no else, so a tag that is neither null nor a string — a number, say — fails with the “none of the match cases matched” error. For a tag list I would keep it that way.


Shipping as a match. Against the three-order payload, compute shipping per order: null when the subtotal is zero, free at 30 or more, 2.99 at 20 or more, otherwise 4.99. Write it as a match with guards inside a do. Run it and check the order of your cases.

Show answer

Example 121 — Choose shipping with guarded cases.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] },
  { "orderId": "A-1009", "customer": "Kai" }
]

%dw 2.0
output application/json
fun shipping(order) = do {
  var subtotal = sum((order.items default []) map (i) -> i.price * i.qty)
  ---
  subtotal match {
    case s if (s == 0)  -> null
    case s if (s >= 30) -> 0
    case s if (s >= 20) -> 2.99
    else -> 4.99
  }
}
---
payload map { orderId: $.orderId, shipping: shipping($) }

[
  {
    "orderId": "A-1001",
    "shipping": 0
  },
  {
    "orderId": "A-1008",
    "shipping": 4.99
  },
  {
    "orderId": "A-1009",
    "shipping": null
  }
]

The == 0 case has to come first, since 0 would otherwise fall to the else and be charged 4.99. Then the thresholds descend. Kai’s empty order gets null, which is honest: there is nothing to ship.


A type check and a conversion answer different questions. Neither establishes every business rule: a numeric quantity can still be negative, and a well-shaped item can still reference an unknown product. Keep those decisions visible in the transformation that owns them.







Chapter

15

Share Helpers and Automate Their Checks


The line-total calculation is now useful in an order summary, a category report and an enriched report. Put that calculation in a module so each caller imports the same definition. Then check both the definition and the complete outputs that use it.

[image: Function assertions test the shared orderTotal helper against fixed cases. A separate golden comparison tests the complete transform after it calls the helper. Multiplying the transform result changes total from 32 to 38.4 while the helper remains unchanged, so the golden comparison fails.]

A module is a file with no body

A module is a DataWeave file that declares things and produces nothing: %dw 2.0, then funs, vars and types, and no ---. Here is the order maths that keeps getting re-derived, at orders/OrderMath.dwl:

Example 122 — Shared order calculations.

Companion source.

Module source; import it from the following scripts.

%dw 2.0

import sumBy from dw::core::Arrays

type LineItem = { sku: String, price: Number, qty: Number }

/**
 * Extended price for a single line.
 */
fun lineTotal(item: LineItem): Number = item.price * item.qty

/**
 * Total of every line on an order.
 */
fun orderTotal(items: Array<LineItem>): Number =
  items sumBy (i) -> lineTotal(i)

There is no trailing expression or output: callers use the declarations. The type LineItem states the shape both functions require. Run the file as if it were a script and the CLI says what it is missing:

[ERROR] Error while executing the script:
[ERROR] Missing Mapping Expression ie. var a = 1 
 --- 
 a 

16|   items sumBy (i) -> lineTotal(i)
...

Location:
OrderMath (line: 16, column:34)

The reverse attempt also fails: importing a function from a file that has a body. Here orders/Broken.dwl defines lineTotal above the --- and then uses it in the body. A separate script tries to import that function:

Example 123 — Reject a module with a body.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
import lineTotal from orders::Broken
output application/json
---
lineTotal(payload.items[0])

[ERROR] Error while executing the script:
[ERROR] Unable to resolve reference of: `lineTotal`.

5| lineTotal(payload.items[0])
   ^^^^^^^^^
Location:
123-module-with-body-fails (line: 5, column:1)
Unable to resolve reference of: `lineTotal`.

2| import lineTotal from orders::Broken
          ^^^^^^^^^
Location:
123-module-with-body-fails (line: 2, column:8)

The file was found; the function was not exported from it. A file with a body is a script, and a script exports nothing. If a function is worth sharing, it goes in a file with no ---.

Where the file lives is the module’s name

orders::OrderMath is orders/OrderMath.dwl under some root, with :: for each folder. The CLI’s root is whatever --path says. Leave it off and the import cannot be resolved:

[ERROR] Error while executing the script:
[ERROR] Unable to resolve module with identifier orders::OrderMath.

2| import orderTotal from orders::OrderMath
                          ^^^^^^^^^^^^^^^^^
Location:
01_import_name (line: 2, column:24)

With --path=. from the folder that contains orders/, the same script runs. In a Mule application the root is src/main/resources, so src/main/resources/orders/OrderMath.dwl is the same module name. That last sentence is from MuleSoft’s documentation.

Importing it, four ways

From a transform you reach the module with the same import syntax used for dw::core::Arrays. To DataWeave there is no difference between your module and the standard library’s. Import a name, import everything, alias a name, or import the module qualified:

Example 124 — Import the order module functions.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import * from orders::OrderMath
output application/json
---
{ id: payload.orderId, lines: payload.items map lineTotal($), total: orderTotal(payload.items) }

{
  "id": "A-1001",
  "lines": [
    10,
    12,
    10
  ],
  "total": 32
}

import orderTotal from orders::OrderMath brings in that one name. import orderTotal as total from orders::OrderMath brings it in as total. import orders::OrderMath brings the module in qualified, and the call is OrderMath::orderTotal(payload.items). All three print { "id": "A-1001", "total": 32 } for the two-key version of that script. Selective imports keep the header honest about what the script depends on. import * is for exploring — and worth tightening before it ships, for a reason two sections down.

The types at the boundary

The LineItem parameter type lets orderTotal reject a line that has no quantity at the call boundary:

Example 125 — Call the module with a missing quantity.

Companion source.

%dw 2.0
import orderTotal from orders::OrderMath
output application/json
---
orderTotal([ { sku: "PEN-01", price: 2.5 } ])

[ERROR] Error while executing the script:
[ERROR] Missing required property: `qty` required by `LineItem`.
	|-- From: `LineItem`
	|---- From: orderTotal(items: Array<LineItem>) -> Number

5| orderTotal([ { sku: "PEN-01", price: 2.5 } ])
                ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Location:
125-type-mismatch-fails (line: 5, column:14)

The diagnostic identifies the missing property, its required type and the function that demanded it. Without the type, selecting the absent qty would pass null into price * null. The annotation moves that failure to the caller’s line, where the incomplete item enters the module. A supplied field can fail this boundary check too, as this deliberately textual price shows:

Example 126 — Call the module with a textual price.

Companion source.

%dw 2.0
import orderTotal from orders::OrderMath
output application/json
---
orderTotal([ { sku: "PEN-01", price: "2.50", qty: 4 } ])

[ERROR] Error while executing the script:
[ERROR] Expecting Type: `Number`, but got: `"2.50"` at `price`.
	|-- From: `LineItem`
	|---- From: orderTotal(items: Array<LineItem>) -> Number

5| orderTotal([ { sku: "PEN-01", price: "2.50", qty: 4 } ])
                                        ^^^^^^
Location:
126-type-mismatch-string (line: 5, column:38)

Chapter 3 showed that "2.50" * "4" runs, coerces, and produces 10. The structural LineItem check refuses the string field. Unlike a scalar Number parameter from chapter 5, an object-shaped parameter does not coerce each nested field. Convert the fields while normalizing the source, then pass the resulting item to the shared calculation. Callers use a shared module without its author beside them, and typed exported parameters give them a useful failure at their own call site.

Two modules, one name

A second module, orders/Pricing.dwl, introduces a collision: it also defines lineTotal, with a 20% uplift baked in:

Example 127 — A second line-total implementation.

Companion source.

Module source; import it from the following scripts.

%dw 2.0
fun lineTotal(item) = item.price * item.qty * 1.2

Import both with * and call the ambiguous name:

Example 128 — Inspect colliding selective imports.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import * from orders::OrderMath
import * from orders::Pricing
output application/json
---
lineTotal(payload.items[0])

10

No error, and the answer is OrderMath’s. Swap the two import lines and the same script prints 12, which is Pricing’s. Importing the name selectively from both modules also runs without complaint, and also prints the first one. The rule, from five runs: when two imports supply the same name, the first import wins, and nothing tells you. Two functions with the same shape are decided by line order in the header.

The fix is to alias one, which also makes the script say what it means:

Example 129 — Alias the two line-total functions.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import lineTotal from orders::OrderMath
import lineTotal as taxedLineTotal from orders::Pricing
output application/json
---
{ net: lineTotal(payload.items[0]), gross: taxedLineTotal(payload.items[0]) }

{
  "net": 10,
  "gross": 12
}

When a module outgrows one project, the MuleSoft-native home for it is Anypoint Exchange. The .dwl files are packaged as a library and published as a versioned asset; other projects declare it as a dependency and import from it. That is build-and-publish territory rather than language. It needs an Anypoint account.

A module’s functions see the module’s variables, not yours

The companion also contains Orders.dwl, whose declarations include var taxRate = 0.08 and fun withTax(amount) = amount * (1 + taxRate). Its withTax function reads that module variable. The question that decides whether a module is safe to share is whose taxRate. Declare a different one in the importing script and call the module’s function:

Example 130 — Keep a module binding in its own scope.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] }
]

%dw 2.0
output application/json
import * from Orders
var taxRate = 0.20
---
{ local: taxRate, viaModule: withTax(100) }

{
  "local": 0.2,
  "viaModule": 108
}

The module’s function used the module’s 0.08. A module is closed over its own declarations — importing it cannot change what it does, and a script cannot reconfigure it by redeclaring a name. If a module needs a rate the caller chooses, the rate is a parameter — pass that rate explicitly instead of relying on a caller’s variable.

Pinning behaviour: assertions in plain DataWeave

Comparing a CLI result with an expected value turns a one-off run into a check for changed behavior. The documentation describes a testing framework under dw::test, with a describedBy suite DSL and must equalTo assertions. The CLI does not have it:

Example 131 — Try the dw::test modules in the CLI.

Companion source.

%dw 2.0
import * from dw::test::Tests
import * from dw::test::Asserts
import orderTotal from orders::OrderMath
---
"OrderMath" describedBy [
  "sums the line items" in do {
    orderTotal([ { sku: "PEN-01", price: 2.5, qty: 4 }, { sku: "PAD-22", price: 6.0, qty: 2 } ]) must equalTo(22.0)
  }
]

[ERROR] Error while executing the script:
[ERROR] Unable to resolve module with identifier dw::test::Tests.

2| import * from dw::test::Tests
                 ^^^^^^^^^^^^^^^
Location:
131-dwtest (line: 2, column:15)
Unable to resolve module with identifier dw::test::Asserts.

3| import * from dw::test::Asserts
                 ^^^^^^^^^^^^^^^^^
Location:
131-dwtest (line: 3, column:15)

import * from dw::test fails the same way. According to the documentation the framework ships with the DataWeave tooling for VS Code and its Maven plugin. Check its assertion DSL against whatever version of that tooling you install.

The CLI can run a test written in DataWeave itself. Fixed inputs make the function’s result repeatable; expected values let the test judge that result. A table of cases keeps the input, expectation and comparison together:

Example 132 — Check a table of function cases.

Companion source.

%dw 2.0
import orderTotal from orders::OrderMath
output application/json
var cases = [
  { name: "sums the lines",   items: [ { sku: "PEN-01", price: 2.5, qty: 4 }, { sku: "PAD-22", price: 6.0, qty: 2 } ], want: 22.0 },
  { name: "empty order is 0", items: [],                                                                             want: 0 },
  { name: "deliberately wrong", items: [ { sku: "CLP-08", price: 1.0, qty: 10 } ],                                want: 11 }
]
---
cases map (c) -> do {
  var got = orderTotal(c.items)
  ---
  { name: c.name, pass: got == c.want, got: got, want: c.want }
}

[
  {
    "name": "sums the lines",
    "pass": true,
    "got": 22,
    "want": 22
  },
  {
    "name": "empty order is 0",
    "pass": true,
    "got": 0,
    "want": 0
  },
  {
    "name": "deliberately wrong",
    "pass": false,
    "got": 10,
    "want": 11
  }
]

The third case is wrong on purpose, to show what a failure looks like. The empty-order case checks the [] behaviour from chapter 13; orderTotal passes because sumBy is seeded. The table’s 22.0 printed as 22, but got == c.want compared numbers rather than text. Chapter 3’s single Number type makes that equality hold.

A table that prints "pass": false still exits 0, so a shell script will not notice the failure. fail from dw::Runtime turns it into an abort with a message:

Example 133 — Make a failed assertion stop the command.

Companion source.

%dw 2.0
import orderTotal from orders::OrderMath
import fail from dw::Runtime
output application/json
var cases = [
  { name: "sums the lines",     items: [ { sku: "PEN-01", price: 2.5, qty: 4 } ], want: 10 },
  { name: "deliberately wrong", items: [ { sku: "CLP-08", price: 1.0, qty: 10 } ], want: 11 }
]
---
cases map (c) -> do {
  var got = orderTotal(c.items)
  ---
  if (got == c.want) { name: c.name, pass: true }
  else fail(c.name ++ ": expected " ++ (c.want as String) ++ ", got " ++ (got as String))
}

[ERROR] Error while executing the script:
[ERROR] deliberately wrong: expected 11, got 10

50| fun fail (message: String = 'Error'): Nothing = native("system::fail")
                                                    ^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at dw::Runtime::fail (line: 50, column: 49)
  at 133-assert-fail-loud::main (line: 14, column: 8) at:

50| fun fail (message: String = 'Error'): Nothing = native("system::fail")
                                                    ^^^^^^^^^^^^^^^^^^^^^^

The shell can now detect the failure through exit 255, and the message supplies the case name and both numbers. This runner needs only the CLI, but it stops at the first failure. I use the table form while developing to see every case, then the aborting form in the pipeline so a failed assertion also fails the command.

Golden files for whole transforms

A table of cases pins a function. A whole transform needs its output pinned as well, and the durable pattern for that is the golden file — commit the expected output beside a fixed input, and check that the transform still produces it. With the CLI that is -o and diff. The transform under test imports both functions from the module:

Example 134 — Normalize an order with module functions.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import orderTotal, lineTotal from orders::OrderMath
output application/json
---
{
  id: payload.orderId,
  customer: payload.customer,
  lines: payload.items map (i) -> { sku: i.sku, qty: i.qty, lineTotal: lineTotal(i) },
  total: orderTotal(payload.items)
}

{
  "id": "A-1001",
  "customer": "Dana",
  "lines": [
    {
      "sku": "PEN-01",
      "qty": 4,
      "lineTotal": 10
    },
    {
      "sku": "PAD-22",
      "qty": 2,
      "lineTotal": 12
    },
    {
      "sku": "CLP-08",
      "qty": 10,
      "lineTotal": 10
    }
  ],
  "total": 32
}

That output, saved as book/15-modules-and-checks/expected-order.json and committed, is the golden file. From the companion root, run the commands in a shell that stops when either the transform or comparison fails:

set -eu
./dw.sh run -s --path=book/support/14-modules-and-testing \
  -i payload=book/support/14-modules-and-testing/order.json \
  -f book/15-modules-and-checks/134-normalize-order.dwl -o actual.json
diff book/15-modules-and-checks/expected-order.json actual.json
echo "golden: OK"

golden: OK

For a negative check, multiply the total by 1.2 in a copy of the transform and run the same shell script:

21c21
<   "total": 32
---
>   "total": 38.4

diff exits 1 on a difference. With set -e, that status stops the script before the success message. The diff shows one line, the old value and the new. When the change is intended, regenerate the golden file with -o, read the diff in the pull request, and commit it. The history of the golden file becomes the change log of the mapping.

A golden file compares bytes, so the field order and numeric representation become part of the check. A mergeWith that moves a colliding key can fail it even when a JSON consumer accepts the reordered object. The writer changing 6.0 to 6 is a difference too, despite both representing the same number.

I want those differences visible when reviewing what goes over the wire. Generate the expected output through the same pinned writer, then review changes instead of hand-editing the golden file to make a test pass. When the contract permits key-order or formatting differences, compare parsed data and test the properties the consumer actually requires.

Exercises

Both totals, no ambiguity. Import lineTotal from OrderMath and from Pricing into one script and print the net and the taxed total for the first line of A-1001. Run it. What would the script have printed with two plain selective imports and no alias, and why is that worse than an error?

Show answer

Example 135 — Compare net and taxed line totals.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import lineTotal from orders::OrderMath
import lineTotal as taxedLineTotal from orders::Pricing
output application/json
---
{ net: lineTotal(payload.items[0]), gross: taxedLineTotal(payload.items[0]) }

{
  "net": 10,
  "gross": 12
}

Without the alias, both calls would have resolved to whichever import came first and printed 10 twice, with no error. An error stops the pipeline; a silently wrong number reaches the invoice.


Break the golden on purpose. In a copy of Example 134 — Normalize an order with module functions, change total to orderTotal(payload.items) * 1.2. Run the golden-file shell script above against that copy and read the result. What did the golden file catch here that the assertion table on orderTotal would have missed?

Show answer

21c21
<   "total": 32
---
>   "total": 38.4

The assertion table tests orderTotal, which still returns 32; the change is in the transform, after the function. A unit test on the module cannot see it. The golden file tests the whole output, so it catches a change anywhere between the input and the bytes on the wire.


A passing helper test does not protect a caller that adds the wrong operation afterward. Keep a complete-transform check beside the function cases, and make the command fail when the comparison fails.







Chapter

16

Clean Text and Extract Patterns


A supplier label, a field name and a product code all arrive as strings, but each needs a different operation. Start with a helper that names the job. Use a regular expression when the structure to recognize is more specific than a delimiter.

[image: Supplier text:   SKU:PEN-01  : Whitespace and prefix. Text operations: trim the boundary: extract the code. Usable identifier: PEN-01: Retains its meaning. Choose a pattern for the source contract, then test an unmatched value.]

Strings

dw::core::Strings covers jobs that can otherwise become chains of splitBy and indexing. These five calls turn raw labels, field names and codes into usable text:

Example 136 — Clean labels and identifiers.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
import capitalize, camelize, substringAfter, pluralize, leftPad from dw::core::Strings
output application/json
---
{
  title:  capitalize("premium gift wrap"),
  field:  camelize("shipping_address"),
  code:   substringAfter("SKU:AC-1099", ":"),
  label:  pluralize("box"),
  padded: "42" leftPad 6
}

{
  "title": "Premium Gift Wrap",
  "field": "shippingAddress",
  "code": "AC-1099",
  "label": "boxes",
  "padded": "    42"
}

These calls each name the text operation they perform. capitalize title-cases every word, while camelize converts a snake-cased field name to lower camel case. substringAfter extracts everything after the first delimiter, avoiding manual splitting and indexing. pluralize applies English rules to produce boxes, and the infix leftPad places the string on the left and its required width on the right. That argument order matters in the next example.

Swapping the operands changes which value gets padded. Infix passes the left operand as the first argument, and chapter 3’s coercions let 6 leftPad "42" run without a type error: it pads the digit six to a width of forty-two (the operand-order exercise has the output). When the result looks wrong, compare the operand order with the function’s signature.

Where the word boundaries are

capitalize and camelize recognise different word boundaries. Their outputs show which separators each function changes:

Example 137 — Inspect string boundaries.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import * from dw::core::Strings
output application/json
---
{
  underscore:  capitalize("unit_price"),
  hyphen:      capitalize("usb-c hub"),
  camelSpace:  camelize("unit price"),
  camelUnder:  camelize("unit_price"),
  camelDash:   camelize("unit-price"),
  dasherized:  dasherize("Unit Price"),
  underscored: underscore("unitPrice"),
  singular:    singularize("boxes"),
  pluralIrreg: pluralize("child"),
  pluralS:     pluralize("status"),
  afterMissing: substringAfter("AC-1099", ":"),
  afterLast:   substringAfterLast("A-1001-PEN-01", "-"),
  before:      substringBefore("SKU:AC-1099", ":"),
  padLonger:   "1234567" leftPad 6,
  rightPad:    "42" rightPad 6,
  padChar:     leftPad("42", 6, "0"),
  clipped:     "premium gift wrap" withMaxSize 7,
  blank:       isBlank("   "),
  rep:         repeat("-", 5)
}

{
  "underscore": "Unit Price",
  "hyphen": "Usb C Hub",
  "camelSpace": "unit price",
  "camelUnder": "unitPrice",
  "camelDash": "unit-price",
  "dasherized": "unit-price",
  "underscored": "unit_price",
  "singular": "box",
  "pluralIrreg": "children",
  "pluralS": "statuses",
  "afterMissing": "",
  "afterLast": "01",
  "before": "SKU",
  "padLonger": "1234567",
  "rightPad": "42    ",
  "padChar": "000042",
  "clipped": "premium",
  "blank": true,
  "rep": "-----"
}

The first five lines explain why the two naming functions are not interchangeable. capitalize treats underscores, hyphens and spaces all as word breaks and replaces them with spaces. unit_price becomes Unit Price; usb-c hub becomes Usb C Hub, which is not what a product label wants but is at least consistent. camelize splits on underscores only. Give it unit price or unit-price and it hands the string back untouched — the kind of no-op that survives every test written against snake-cased fixtures. If a source sends hyphenated keys, the route to camel case is underscore first, then camelize.

Missing delimiters and overlong strings have their own boundary behaviour. substringAfter with a delimiter that is not there returns "", not null and not the original string, so a missing colon quietly produces an empty code. substringAfterLast is the one for A-1001-PEN-01, where the first hyphen is the wrong one. And leftPad on a string already longer than the width does not truncate; withMaxSize is the function that clips.

What the module does with null

Dana’s order has coupon: null, and chapter 2’s missing-key rule means a selector on an absent key gives null too. So a string function is going to receive null sooner or later. capitalize(payload.coupon), substringAfter(payload.coupon, ":") and payload.coupon leftPad 6 all return null; isBlank(payload.coupon) returns true. No error anywhere. The transforming functions take null and hand null straight back. That is deliberate. It means a chain of string calls on a missing field runs to completion and writes null into the output — the same quiet failure chapter 13 showed for an unseeded reduce. If the consumer cannot take a null there, the fix belongs on the selector, with chapter 4’s default, not on the string function.

Example 138 — Interpolate a value into text.

Companion source.

%dw 2.0
output application/json
var id = "A-1001"
---
{ label: "Order $(id)", literalPrice: "\$6.00" }

Result:

{
  "label": "Order A-1001",
  "literalPrice": "$6.00"
}

$(id) embeds the value of an expression in a string. The backslash in \$6.00 escapes a dollar sign that should remain literal text in the source. A dollar sign read from an input document is already data and needs no source-code escape.

Keep interpolation distinct from the $ callback shorthand. They use the same character in different syntactic positions; the explicit parenthesized expression makes the string form easier to read.

Regex, the DataWeave way

Regular expressions are not a module. The literals are written between slashes, /like this/, and the operators are in dw::Core. matches returns a Boolean, replace … with substitutes, and scan returns every match as an array: the whole match first, then the capture groups. The differences show up when a pattern matches only part of a value, or nothing at all:

Example 139 — Match, scan and split with patterns.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
var sku = "AC-1099-XL"
---
{
  wholeString:   "AC-1099" matches /\d+/,
  anchoredFull:  "AC-1099" matches /[A-Z]+-\d+/,
  containsInstead: "AC-1099" contains /\d+/,
  matchGroups:   sku match /([A-Z]+)-(\d+)-(\w+)/,
  matchNothing:  "nope" match /(\d+)/,
  scanAll:       "PEN-01, PAD-22, CLP-08" scan /[A-Z]+-\d+/,
  scanNothing:   "nope" scan /\d+/,
  splitRegex:    "a, b,c ,d" splitBy /\s*,\s*/
}

{
  "wholeString": false,
  "anchoredFull": true,
  "containsInstead": true,
  "matchGroups": [
    "AC-1099-XL",
    "AC",
    "1099",
    "XL"
  ],
  "matchNothing": [
    
  ],
  "scanAll": [
    [
      "PEN-01"
    ],
    [
      "PAD-22"
    ],
    [
      "CLP-08"
    ]
  ],
  "scanNothing": [
    
  ],
  "splitRegex": [
    "a",
    "b",
    "c",
    "d"
  ]
}

matches requires the pattern to cover the whole string. /\d+/ against AC-1099 is false despite the digits; a pattern that covers the whole value needs no explicit anchors. For a match anywhere in the string, use contains, which accepts a regex as well as a string.

The result shape matters when extracting data. match (no es) returns a flat array containing the whole match followed by its groups, or an empty array when nothing matches. Selecting (s match /(\d+)/)[1] from that empty result gives null; a default can supply "n/a". scan returns an array per match, even without capture groups, so its one-element inner arrays are expected. These forms take a code such as AC-1099-XL apart without a chain of substringBefore and substringAfter. For delimiter cleanup, splitBy also accepts a regex, as the varying spaces in a, b,c ,d demonstrate.

The back-reference that is not there

A replacement string using Java-style $1 and $2 back-references does not work here. This attempt exposes how DataWeave interprets it:

Example 140 — Try a dollar-one replacement string.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ dollarOne: "AC-1099" replace /(\d+)/ with "[$1]" }

[ERROR] Error while executing the script:
[ERROR] You called the function 'Append' with these arguments: 
  1: String ("[")
  2: Array (["1099", "1099"])

But it expects arguments of these types:
  1: String
  2: String

Trace:
  at toBeReplaced (Unknown)
  at dw::Core::with (line: 3153, column: 82)
  at 140-replace-dollar-one::replace (line: 4, column: 40)
  at 140-replace-dollar-one::with (line: 4, column: 24)
  at 140-replace-dollar-one::main (line: 4, column: 40) at:
Unknown location

Read the two arguments in the message: a string "[" and the array ["1099", "1099"]. The replacement string is really a lambda over the match, $ inside it is the match array (whole match, then the group), and a bare $ in a string interpolates. So "[$1]" became "[" joined to the array joined to "1]", and ++ has no overload for a string and an array. The replacement is a function of the match, and the string form is only sugar for one. The three forms that do work:

Example 141 — Build replacement text from a match.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  lambdaGroup:  "AC-1099" replace /(\d+)/ with ((m) -> "[" ++ m[1] ++ "]"),
  lambdaFull:   "PEN-01, PAD-22" replace /[A-Z]+/ with ((m) -> lower(m[0])),
  interpolated: "AC-1099" replace /(\d+)/ with "[$($[1])]",
  literal:      "AC-1099" replace /(\d+)/ with "[]"
}

{
  "lambdaGroup": "AC-[1099]",
  "lambdaFull": "pen-01, pad-22",
  "interpolated": "AC-[1099]",
  "literal": "AC-[]"
}

The lambda receives the same array match returns, so m[0] is the whole match and m[1] the first group. "[$($[1])]" is the same lambda written as an interpolated string, with $ as the match array. Name the parameter when the replacement is more than a few characters; $($[1]) is correct and nobody enjoys reading it.

A regex that does not compile fails at the literal:

Example 142 — Reject an incomplete regular expression.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ bad: "AC-1099" matches /(\d+/ }

[ERROR] Error while executing the script:
[ERROR] Invalid Regex: Unclosed group near index 4
(\d+

4| { bad: "AC-1099" matches /(\d+/ }
                            ^^^^^^
Location:
142-regex-fails (line: 4, column:26)

That is the wording of Java’s regex engine. The Java features I tried all work: a lookahead (?=1), named groups (?<family>…), the \b word boundary and the (?i) case flag. match returns named groups positionally, like any other group. Other patterns still need a compile-and-match check, particularly ones moved from a different regex engine.

Regex patterns

case matches /regex/ tests the value against a regular expression. On the right-hand side, $[0] holds the whole match; $[1], $[2] and so on hold the capture groups. That lets you validate a SKU and pull it apart in one step:

Example 143 — Match cases with regular expressions.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "status": "shipped",
  "coupon": null,
  "notes": "",
  "tags": ["gift", null, "rush"],
  "total": 32,
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
(payload.items.sku ++ ["pen-1", "X-9999"]) map (sku) -> sku match {
  case matches /^([A-Z]{3})-(\d{2})$/ -> { sku: sku, family: $[1], number: $[2] as Number }
  else -> { sku: sku, error: "unrecognized format" }
}

[
  {
    "sku": "PEN-01",
    "family": "PEN",
    "number": 1
  },
  {
    "sku": "PAD-22",
    "family": "PAD",
    "number": 22
  },
  {
    "sku": "CLP-08",
    "family": "CLP",
    "number": 8
  },
  {
    "sku": "pen-1",
    "error": "unrecognized format"
  },
  {
    "sku": "X-9999",
    "error": "unrecognized format"
  }
]

Note that the lambda names its parameter sku rather than using $. Inside the case, $ is the match result, so a positional $ for the item would be shadowed exactly where you need it. This is the nested-callback scope rule from chapter 9: the moment a lambda contains another $, name the outer one.

There are two matches in the language, and they are not the same tool. case matches is a pattern inside match. The standalone matches operator returns a plain Boolean, and its sibling match — the operator, not the block — returns the groups as an array:

Example 144 — Check whether a pattern matches.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  asBoolean: payload.items[0].sku matches /^[A-Z]{3}-\d{2}$/,
  asGroups:  payload.items[0].sku match /^([A-Z]{3})-(\d{2})$/
}

{
  "asBoolean": true,
  "asGroups": [
    "PEN-01",
    "PEN",
    "01"
  ]
}

Use matches in a filter predicate, and the match block when the branches differ.

Exercises

Take the SKUs apart. For each line on A-1001, produce the family (PEN), the number as a Number, and the raw match result. Run it. Why does 08 come out as 8, and what would you use if the consumer wanted the two-character form back?

Show answer

Example 145 — Extract SKU components.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import substringBefore, substringAfter from dw::core::Strings
output application/json
---
payload.items map (item) -> {
  family: substringBefore(item.sku, "-"),
  number: substringAfter(item.sku, "-") as Number,
  parts:  item.sku match /([A-Z]+)-(\d+)/
}

[
  {
    "family": "PEN",
    "number": 1,
    "parts": [
      "PEN-01",
      "PEN",
      "01"
    ]
  },
  {
    "family": "PAD",
    "number": 22,
    "parts": [
      "PAD-22",
      "PAD",
      "22"
    ]
  },
  {
    "family": "CLP",
    "number": 8,
    "parts": [
      "CLP-08",
      "CLP",
      "08"
    ]
  }
]

as Number parses 08 to the number eight, and a number has no leading zero. To get 08 back, format it on the way out with as String { format: "00" }, or keep the group from match, which is still the string "08".


The pad that padded the wrong thing. Run { c: 6 leftPad "42" } and explain the output. What would a language without implicit coercion have done instead?

Show answer

{
  "c": "                                         6"
}

Infix passes the left operand as the first argument, so this is leftPad(6, "42"). The number 6 was coerced to the string "6" and "42" to the number 42, and the result is the character 6 padded to width forty-two. A language without implicit coercion would have refused the call with a type error; DataWeave ran it and gave a well-formed wrong answer.


A pattern that matches an ordinary SKU also needs a nonmatching fixture. Check both the decision and the extracted shape: a Boolean, a flat list of capture groups and a list of matches serve different callers.







Chapter

17

Readers, Writers and the JSON Contract


The body builds model values. A reader supplies those values from an input format; a writer represents the result in an output format. We have used JSON throughout the early lessons. Now we can examine the boundary choices without also learning how to construct the transformation.

[image: JSON, XML or CSV bytes are parsed by a reader into DataWeave arrays, objects and values. The script transforms those values, and a selected writer emits a chosen output format. A different output directive can reuse the same body, while input shape and format features may still require different selectors.]

Example 146 — Parse a JSON document inside a field.

Companion source.

%dw 2.0
output application/json
var encoded = '{"orderId":"A-1001","qty":4}'
var order = read(encoded, "application/json")
---
{ parsed: order, encodedAgain: write(order, "application/json", { indent: false }) }

Result:

{
  "parsed": {
    "orderId": "A-1001",
    "qty": 4
  },
  "encodedAgain": "{\"orderId\": \"A-1001\",\"qty\": 4}"
}

read turns text containing a document into a model value. write turns a model value into text. Here parsed is an object, while encodedAgain is a string containing JSON. The outer JSON writer quotes and escapes that string.

Use the object when the consumer expects nested fields. Use the encoded string only when the contract explicitly calls for a document inside text. Calling write merely because the source was JSON would introduce an unnecessary layer of encoding.

Reader and writer properties

Reading and writing involve choices beyond the values the body calculates. XML carries attributes, CSV can carry a header row, and the JSON writer must decide how to represent the result. Reader properties and writer properties control those choices at the two edges. They matter whenever the default representation differs from the one a producer sends or a consumer requires.

Writer properties ride on the output directive as a comma-separated list after the media type:

Example 147 — Write compact JSON.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/json indent=false
---
payload

{"orderId": "A-1001","customer": "Dana","coupon": null,"tags": ["gift",null,"rush"],"items": [{"sku": "PEN-01","price": 2.5,"qty": 4,"note": null},{"sku": "PAD-22","price": 6,"qty": 2},{"sku": "CLP-08","price": 1,"qty": 10}]}

The whole output sits on one line without the indentation used for display, which suits anything crossing a wire rather than a screen. The compact writer still keeps a space after each colon, so a byte comparison with another serialiser can differ.

Reader properties attach to the input. In a Mule flow you set them on the connector or with an input directive in the header. In a script you can also pass them to read() as a third argument. That form lets you vary the properties per call, and this chapter and the next two use it most.

The vocabulary differs per format, and you do not need to memorise it, because the runtime tells you. Misspell a property:

Example 148 — Reject an unknown JSON writer property.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json skipNulls=true
---
{ orderId: payload.orderId, coupon: payload.coupon }

[ERROR] Error while executing the script:
[ERROR] Option `skipNulls` is not valid. Valid options are: `writeAttributes`, `indent`, `encoding`, `bufferSize`, `skipNullOn`, `deferred`, `duplicateKeyAsArray`

2| output application/json skipNulls=true
                           ^^^^^^^^^^^^^^
Trace:
  at 148-unknown-writer-property::main (line: 2, column: 25) at:

2| output application/json skipNulls=true
                           ^^^^^^^^^^^^^^

The error lists the JSON writer properties accepted by this runtime. I sometimes request that list deliberately with a nonsense option, then replace it with the property I need. It is a useful reference tied to the installed writer. Readers expose the same kind of list through read(), as the XML and CSV examples in chapters 19 and 18 show.

JSON, up close

JSON is the format you will write most, so the writer’s dials are worth knowing individually.

Indentation is on by default and indent=false turns it off; you have seen both.

Null handling is where the first real decision lives. By default every key with a null value is emitted, and so is every null inside an array. The order A-1001 carries three nulls: coupon at the top level, a null in the tags array, and a note on the first item. skipNullOn takes one of three values, and the difference between them is exactly which of those three survive.

Example 149 — Omit null object fields.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json skipNullOn="objects"
---
payload

{
  "orderId": "A-1001",
  "customer": "Dana",
  "tags": [
    "gift",
    null,
    "rush"
  ],
  "items": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4
    },
    {
      "sku": "PAD-22",
      "price": 6,
      "qty": 2
    },
    {
      "sku": "CLP-08",
      "price": 1,
      "qty": 10
    }
  ]
}

"objects" dropped coupon and note, which were keys in objects, and left the null in tags alone. "arrays" is the mirror image:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "coupon": null,
  "tags": [
    "gift",
    "rush"
  ],
  "items": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4,
      "note": null
    },
    …

The array is now two elements long, and both object nulls are back. If anything downstream indexes into tags by position, "rush" has moved from index 2 to index 1. "everywhere" removes both object and array nulls, so it combines field omission with that same change in array positions:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "tags": [
    "gift",
    "rush"
  ],
  "items": [
    {
      "sku": "PEN-01",
      "price": 2.5,
      "qty": 4
    },
    …

Now the behaviour that is not in the documentation. Give skipNullOn a value that is not one of the three:

Example 150 — Try an unsupported null policy.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json skipNullOn="nowhere"
---
{ orderId: payload.orderId, coupon: payload.coupon, tags: payload.tags }

{
  "orderId": "A-1001",
  "coupon": null,
  "tags": [
    "gift",
    null,
    "rush"
  ]
}

Exit code 0, no warning, nulls kept. The writer rejected the unknown property name skipNulls, but accepted this unsupported skipNullOn value. A typo like "everywere" produces a script that looks like it strips nulls and does not. If a consumer ever complains about nulls you are certain you removed, check the spelling of the value before anything else.

skipNullOn is a blunt instrument — it acts on every null in the output. For a more specific condition, chapter 10’s conditional key controls each field separately. Its placement matters, because a plausible-looking alternative does not parse:

Example 151 — Omit an absent field deliberately.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items map {
  sku: $.sku,
  (note: $.note) if ($.note != null),
  (bulk: true) if ($.qty >= 10)
}

[
  {
    "sku": "PEN-01"
  },
  {
    "sku": "PAD-22"
  },
  {
    "sku": "CLP-08",
    "bulk": true
  }
]

The whole key-value pair goes in parentheses, then if, then the condition. The first item’s note was null, so its pair was dropped; only the ten-clip line earned bulk. Writing the condition first, ($.qty >= 10)? bulk: true, is a shape other languages might suggest, and the parser rejects it at the ?:

[ERROR] Invalid input '?', expected `}` or ',' for the object expression. (line 6, column 16):

6|   ($.qty >= 10)? bulk: true
                  ^

Duplicate keys. The model allows an object to hold the same key more than once, because DataWeave objects are ordered lists of key/value pairs, not hash maps. The JSON writer will happily emit that:

Example 152 — Write repeated JSON keys.

Companion source.

%dw 2.0
output application/json
---
{
  item: "PEN-01",
  item: "PAD-22"
}

{
  "item": "PEN-01",
  "item": "PAD-22"
}

And the JSON reader will happily accept it. Given a file containing { "sku": "PEN-01", "sku": "PAD-22", "qty": 4 }:

Example 153 — Read repeated JSON keys.

Companion source.

Input payload — dupkeys.json:

{ "sku": "PEN-01", "sku": "PAD-22", "qty": 4 }

%dw 2.0
output application/json
---
{
  first: payload.sku,
  all: payload.*sku,
  keys: keysOf(payload)
}

{
  "first": "PEN-01",
  "all": [
    "PEN-01",
    "PAD-22"
  ],
  "keys": [
    "sku",
    "sku",
    "qty"
  ]
}

.sku returns the first match and says nothing about the second. .*sku returns all of them as an array. Nothing was lost on the way in, and nothing warned you. Most JSON consumers treat a duplicate key as pathological; a typical parser keeps the last value and drops the rest without comment. So when you produce JSON for someone else and the model might hold duplicates, collapse them yourself. The writer has a property for exactly that, duplicateKeyAsArray:

Example 154 — Write repeated values as an array.

Companion source.

Use dupkeys.json as payload, as above.

%dw 2.0
output application/json duplicateKeyAsArray=true
---
payload

{
  "sku": [
  "PEN-01",
  "PAD-22"
  ],
  "qty": 4
}

The array’s indentation is exactly what the CLI printed. More consequentially, duplicateKeyAsArray is a writer property: passing it to read() fails with Option 'duplicateKeyAsArray' is not valid. Valid options are: 'streaming'. The JSON reader has exactly one option on this runtime. Repeated XML elements also become duplicate keys in the model, so the same output decision arises when converting XML to JSON; chapter 19 follows that case.

Key order is preserved exactly as your script produced it. There is no alphabetisation and no numeric sorting, even for keys that look like numbers:

Example 155 — Inspect JSON field order.

Companion source.

%dw 2.0
output application/json
---
{ zeta: 1, alpha: 2, "10": 3, "2": 4 }

{
  "zeta": 1,
  "alpha": 2,
  "10": 3,
  "2": 4
}

If a consumer’s snapshot test is order-sensitive, the order is entirely in your hands.

Numbers, and what the writer does to them

The model has one Number type. It keeps a large integer exact and does decimal arithmetic, though division still has finite precision, as chapter 3 showed. The JSON writer then renders each number in plain or exponent notation:

Example 156 — Inspect numeric values and their types.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  literals: [1, 2.50, 6.0, 1E3, 10000000000000000000000, 0.1 + 0.2],
  types:    [1, 2.50, 10000000000000000000000, "7" as Number] map (typeOf($) as String),
  fromPayload: payload.items map $.price
}

{
  "literals": [
    1,
    2.5,
    6,
    1E+3,
    10000000000000000000000,
    0.3
  ],
  "types": [
    "Number",
    "Number",
    "Number",
    "Number"
  ],
  "fromPayload": [
    2.5,
    6,
    1
  ]
}

The output separates arithmetic from numeric representation. 0.1 + 0.2 is 0.3, not 0.30000000000000004, because the arithmetic is decimal. 1E3 stays in exponent form as 1E+3; a consumer unable to read exponents needs that representation normalised before writing.

A-1001’s prices came in as 2.5, 6.0 and 1.0 and went out as 2.5, 6 and 1. The trailing zero is not reliable data: the JSON writer keeps it in some outputs and drops it in others (as the outputs here demonstrate). If the receiving system wants money with two decimals, a format schema on the coercion to String makes that presentation explicit:

Example 157 — Format a monetary amount.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items map {
  sku: $.sku,
  price: $.price,
  priceText: $.price as String {format: "0.00"},
  lineTotal: ($.price * $.qty) as String {format: "#,##0.00"}
}

[
  {
    "sku": "PEN-01",
    "price": 2.5,
    "priceText": "2.50",
    "lineTotal": "10.00"
  },
  {
    "sku": "PAD-22",
    "price": 6,
    "priceText": "6.00",
    "lineTotal": "12.00"
  },
  {
    "sku": "CLP-08",
    "price": 1,
    "priceText": "1.00",
    "lineTotal": "10.00"
  }
]

The documentation says the format tokens are Java’s DecimalFormat; these two patterns behave that way. The result is a string — the honest type for “a number rendered a particular way”. Chapter 21 does the same thing for dates.

Null, missing, and strings

A key whose value is null and a key that is not there at all read identically through a selector:

Example 158 — Distinguish null from a missing field.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  coupon:  payload.coupon,
  missing: payload.giftWrap,
  couponIsNull:  payload.coupon == null,
  missingIsNull: payload.giftWrap == null,
  keys: keysOf(payload) map ($ as String)
}

{
  "coupon": null,
  "missing": null,
  "couponIsNull": true,
  "missingIsNull": true,
  "keys": [
    "orderId",
    "customer",
    "coupon",
    "tags",
    "items"
  ]
}

coupon exists and is null; giftWrap does not exist. Both selectors return null and compare equal to null. Usually you want exactly that, since it lets default and the conditional key handle both cases with one expression. The distinction matters in a PATCH body, where “set to null” and “leave alone” are different instructions. Test membership with keysOf or payload.giftWrap?, not with == null.

Strings are escaped the way JSON requires and no more:

Example 159 — Escape characters in a JSON string.

Companion source.

%dw 2.0
output application/json
---
{
  note: "Dana said \"rush\" — 10\" stand & <clip>",
  path: "C:\\orders\\A-1001",
  unicode: "café"
}

{
  "note": "Dana said \"rush\" — 10\" stand & <clip>",
  "path": "C:\\orders\\A-1001",
  "unicode": "café"
}

Quotes and backslashes are escaped; ampersands, angle brackets and non-ASCII characters are written as themselves. This output uses é directly rather than the optional JSON escape \u00e9.

Formatting a number is a coercion

An invoice may require a fixed number of decimal places. Format that presentation with as String with a format property, and the reverse for parsing:

Example 160 — Parse and format numeric text.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/json
---
{
  money:     32 as String { format: "0.00" },
  thousands: 1234567.891 as String { format: "#,##0.00" },
  parsed:    "1,234.50" as Number { format: "#,##0.00" },
  padded:    7 as String { format: "000" }
}

{
  "money": "32.00",
  "thousands": "1,234,567.89",
  "parsed": 1234.5,
  "padded": "007"
}

0 is a required digit and # an optional one. The documentation says the pattern language is Java’s DecimalFormat, and these four patterns behave as that predicts. The parsing direction matters more than it looks, because a thousands separator in a source string is not a number to DataWeave. "1,234.50" as Number with no format stops with Cannot coerce String (1,234.50) to Number. Chapter 18’s CSV feeds are where that string comes from. The format on the coercion is the fix, and it belongs where the value is read — so that later calculations receive a numeric value.

One Number

There is no Int, Long, Float or Double. Number covers whole and decimal values alike. Division does not truncate to an integer merely because both operands are whole numbers:

Example 161 — Compare whole and decimal numbers.

Companion source.

%dw 2.0
output application/json
---
{
  intType: typeOf(79),
  decType: typeOf(79.0),
  equal: 79 == 79.0,
  division: 100 / 3,
  tenOverFour: 10 / 4,
  lineTotal: 2.5 * 4,
  pointOnePlusPointTwo: 0.1 + 0.2,
  big: 12345678901234567890 + 1,
  bigTimes: 2.5 * 12345678901234567890
}

{
  "intType": "Number",
  "decType": "Number",
  "equal": true,
  "division": 33.33333333333333333333333333333333,
  "tenOverFour": 2.5,
  "lineTotal": 10,
  "pointOnePlusPointTwo": 0.3,
  "big": 12345678901234567891,
  "bigTimes": 30864197253086419725
}

100 / 3 carries thirty-four significant digits. This division uses finite decimal precision rather than a binary float, which also explains why 0.1 + 0.2 is 0.3, not 0.30000000000000004. A twenty-digit integer adds and multiplies without overflowing because there is no fixed width to overflow. 79 == 79.0 is true: they are the same number.

The JSON writer still chooses its textual representation. 2.5 * 4 prints as 10 here, although 10.0 would represent the same value. Whether the JSON writer keeps a trailing .0 is not a rule to build on, as these examples show. When an output must say 10.00, use the format schema introduced above to make that presentation explicit.

The cost of one number type is small and specific. Integer division does not exist, so 10 / 4 is 2.5 and you reach for floor or round when you want a whole number. Systems downstream that distinguish integers from decimals, such as a Java method with an int parameter, need the writer told which to produce. That belongs to the application/java format and a Mule runtime, and Appendix C records the Mule probe that checked it.

The JSON reader is lenient, and that cuts both ways

I expected a JSON reader to reject a trailing comma. It does not. Given { "orderId": "A-1001", "customer": "Dana", }, payload.orderId returns "A-1001" with exit code 0. I then expected it to reject a missing comma, and it does not do that either:

$ cat broken2.json
{ "orderId": "A-1001" "customer": "Dana" }
$ dw run -i payload=broken2.json -f id.dwl
"A-1001"

Two adjacent pairs with no separator, parsed without complaint. What it will not accept is an unquoted key:

$ cat unquoted.json
{ orderId: "A-1001", customer: "Dana" }

Example 162 — Reject an unquoted JSON key.

Companion source.

Input payload — unquoted.json:

{ orderId: "A-1001", customer: "Dana" }

%dw 2.0
output application/json
---
payload.orderId

[ERROR] Error while executing the script:
[ERROR] Unexpected character 'o' at payload@[-1:-1] (line:column), expected '"' at:
1

Note the position: [-1:-1]. When the CLI reads a file through -i rather than read(), the reader has lost track of where it is, and you get “expected a quote, somewhere”. For a one-line file that is fine. For a 4 MB feed it is not. Loading the file with read() inside a script gives a line and column to help locate the fault.

If your transform is the thing that validates an upstream’s JSON, this leniency will pass documents that a stricter consumer downstream then rejects. DataWeave is not a JSON validator, and a clean run through it proves less about the input than you would like.

Exercises

Compact, no object nulls. Emit A-1001’s id, tags and items (sku and note only) on one line with nulls stripped from objects but not arrays. Run it. Which null survived, and why?

Show answer

Example 163 — Write compact JSON without object nulls.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json indent=false, skipNullOn="objects"
---
{
  orderId: payload.orderId,
  tags: payload.tags,
  items: payload.items map { sku: $.sku, note: $.note }
}

{"orderId": "A-1001","tags": ["gift",null,"rush"],"items": [{"sku": "PEN-01"},{"sku": "PAD-22"},{"sku": "CLP-08"}]}

Every item’s note is gone, including the two that were null because the key was missing on the input. The null inside tags survived because "objects" does not touch arrays.


Read a duplicate. Given { "sku": "PEN-01", "sku": "PAD-22", "qty": 4 }, write a script that returns both the first sku and all of them. Which selector would silently lose data in a transform that only ever saw single-sku inputs in testing?

Show answer

Example 164 — Select both duplicate values.

Companion source.

Use dupkeys.json as payload, as above.

%dw 2.0
output application/json
---
{ sku: payload.sku, skus: payload.*sku }

{
  "sku": "PEN-01",
  "skus": [
    "PEN-01",
    "PAD-22"
  ]
}

.sku is the one that loses data: it returns the first match and gives no sign a second existed. It is also the one every test with a well-formed input passes.


A correct calculation can still cross the boundary with the wrong representation. Check missing fields, nulls, duplicate names and numeric text against the consumer’s contract, then choose whether the test should compare data or exact bytes.







Chapter

18

Read and Produce Reliable CSV


A CSV reader gives us an array of row objects, so the mapping techniques are familiar. The new work is at the boundary: how the file identifies its columns, how it escapes delimiters, and which values still need conversion.

[image: On input, header text becomes object keys, so a padded sku header creates a different key from sku. Normalization fixes keys and converts numeric strings. On output, rows must use the same keys in the same order because the CSV writer emits values positionally.]

CSV reads as an array of objects

A file with a header row becomes one object per row, keyed by column name:

sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

Example 165 — Read CSV rows.

Companion source.

Input payload — items.csv:

sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

%dw 2.0
output application/json
---
payload map {
  sku: $.sku,
  name: $.name,
  qty: $.qty as Number,
  lineTotal: ($.qty as Number) * ($.price as Number)
}

[
  {
    "sku": "PEN-01",
    "name": "Ballpoint pen",
    "qty": 4,
    "lineTotal": 10
  },
  {
    "sku": "PAD-22",
    "name": "Notepad",
    "qty": 2,
    "lineTotal": 12
  },
  {
    "sku": "CLP-08",
    "name": "Binder clip",
    "qty": 10,
    "lineTotal": 10
  }
]

payload is already an array — you can map straight over the rows. Every CSV field arrives as a String. Chapter 3 showed that multiplication can coerce numeric strings; other operations have different overloads:

Example 166 — Inspect CSV string values.

Companion source.

Use items.csv as payload, as above.

%dw 2.0
output application/json
---
{
  types:      payload[0] mapObject { ($$): typeOf($) as String },
  uncoerced:  payload map { sku: $.sku, qty: $.qty },
  arithmetic: payload map ($.qty * $.price),
  joined:     payload map ($.qty ++ $.price),
  sorted:     (payload orderBy $.qty) map $.qty
}

{
  "types": {
    "sku": "String",
    "name": "String",
    "qty": "String",
    "price": "String"
  },
  "uncoerced": [
    {
      "sku": "PEN-01",
      "qty": "4"
    },
    {
      "sku": "PAD-22",
      "qty": "2"
    },
    {
      "sku": "CLP-08",
      "qty": "10"
    }
  ],
  "arithmetic": [
    10,
    12,
    10
  ],
  "joined": [
    "42.50",
    "26.00",
    "101.00"
  ],
  "sorted": [
    "10",
    "2",
    "4"
  ]
}

orderBy $.qty sorts these strings lexically, so ten comes before two. A report ranked by quantity would therefore use the wrong ordering. Multiplication coerced the strings, but neither sorting nor writing JSON did: "qty": "4" remains a string in the output. Coercing once where the value is produced gives the sort, output and comparisons the number they need.

The header row, and the row the reader eats

The reader’s default is header=true: the first line names the columns. With no header in the file, that instruction consumes the first data row:

PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

Example 167 — Read headerless data with default settings.

Companion source.

Input payload — items-noheader.csv:

PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

%dw 2.0
output application/json
---
payload

[
  {
    "PEN-01": "PAD-22",
    "Ballpoint pen": "Notepad",
    "4": "2",
    "2.50": "6.00"
  },
  {
    "PEN-01": "CLP-08",
    "Ballpoint pen": "Binder clip",
    "4": "10",
    "2.50": "1.00"
  }
]

Two rows remain, keyed by the first pen’s values — the pen itself is gone. A file of a thousand rows becomes 999 rows with absurd keys. A transform that only counts them sees a shortfall of one and no reason for it. The fix is the reader property header=false, with two places to put it. The first is an input directive, which the CLI honours on a -i input:

Example 168 — Declare a headerless CSV input.

Companion source.

Use items-noheader.csv as payload, as above.

%dw 2.0
input payload application/csv header=false
output application/json
---
payload

[
  {
    "column_0": "PEN-01",
    "column_1": "Ballpoint pen",
    "column_2": "4",
    "column_3": "2.50"
  },
  {
    "column_0": "PAD-22",
    "column_1": "Notepad",
    "column_2": "2",
    "column_3": "6.00"
  },
  {
    "column_0": "CLP-08",
    "column_1": "Binder clip",
    "column_2": "10",
    "column_3": "1.00"
  }
]

The second is the third argument to read(), when you have the raw text. Here the file was given to the CLI as .txt, so payload is a string:

Example 169 — Read headerless CSV text.

Companion source.

Input payload — items-noheader.txt:

PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

%dw 2.0
output application/json
---
read(payload, "application/csv", { header: false }) map {
  sku: $.column_0,
  qty: $.column_2 as Number
}

[
  {
    "sku": "PEN-01",
    "qty": 4
  },
  {
    "sku": "PAD-22",
    "qty": 2
  },
  {
    "sku": "CLP-08",
    "qty": 10
  }
]

Headerless rows are keyed column_0, column_1 and so on — zero-based. Naming them is a map away, and the third exercise shows a way to do it without repeating yourself.

Chapter 17’s nonsense-option trick gives the full set of reader properties on this runtime: streaming, separator, quote, escape, bodyStartLineNumber, ignoreEmptyLine, header and headerLineNumber. The writer’s is separator, encoding, quote, escape, lineSeparator, bufferSize, bodyStartLineNumber, ignoreEmptyLine, header, quoteHeader, headerLineNumber, quoteValues and deferred. Everything below is one of those.

Separators, and the extension that picks the reader

separator is the field delimiter, "," by default. The European convention is a semicolon, usually accompanied by a decimal comma — a second problem hiding behind the first:

sku;name;qty;price
PEN-01;Ballpoint pen;4;2,50
PAD-22;Notepad;2;6,00
CLP-08;Binder clip;10;1,00

Example 170 — Read semicolon-separated rows.

Companion source.

Input payload — items-semicolon.csv:

sku;name;qty;price
PEN-01;Ballpoint pen;4;2,50
PAD-22;Notepad;2;6,00
CLP-08;Binder clip;10;1,00

%dw 2.0
input payload application/csv separator=";"
output application/json
---
payload

[
  {
    "sku": "PEN-01",
    "name": "Ballpoint pen",
    "qty": "4",
    "price": "2,50"
  },
  {
    "sku": "PAD-22",
    "name": "Notepad",
    "qty": "2",
    "price": "6,00"
  },
  {
    "sku": "CLP-08",
    "name": "Binder clip",
    "qty": "10",
    "price": "1,00"
  }
]

The columns split correctly, but the price still contains a decimal comma. Coercion exposes that next problem:

Example 171 — Try parsing a decimal comma directly.

Companion source.

Input payload — items-semicolon.txt:

sku;name;qty;price
PEN-01;Ballpoint pen;4;2,50
PAD-22;Notepad;2;6,00
CLP-08;Binder clip;10;1,00

%dw 2.0
output application/json
---
read(payload, "application/csv", { separator: ";" }) map ($.price as Number)

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (2,50) to Number

4| read(payload, "application/csv", { separator: ";" }) map ($.price as Number)
                                                             ^^^^^^^^^^^^^^^^^
Trace:
  at 171-decimal-comma-fails::main (line: 4, column: 59) at:

4| read(payload, "application/csv", { separator: ";" }) map ($.price as Number)
                                                             ^^^^^^^^^^^^^^^^^

Bare as Number does not interpret this decimal comma, and the CSV reader does not perform numeric coercion. One fix is a string replace before the coercion. Do it at the boundary rather than downstream, because a "2,50" that leaks past this point looks like a perfectly good string:

Example 172 — Normalize a decimal comma before conversion.

Companion source.

Use items-semicolon.txt as payload, as above.

%dw 2.0
output application/json
---
read(payload, "application/csv", { separator: ";" }) map {
  sku:   $.sku,
  price: ($.price replace "," with ".") as Number
}

[
  {
    "sku": "PEN-01",
    "price": 2.5
  },
  {
    "sku": "PAD-22",
    "price": 6
  },
  {
    "sku": "CLP-08",
    "price": 1
  }
]

Tabs work the same way, with { separator: "\t" }. What I could not do was hand the CLI the .tsv file directly:

[ERROR] Error while executing the script:
[ERROR] Unable to detect reader type for `payload`, as no MimeType was set. Please declare the input directive i.e. input `payload` application/xml

The CLI maps an extension to a reader, and .tsv is not on its list. As chapter 17 showed, something outside the body decides which reader runs, and without that decision the script cannot proceed. In a Mule flow the equivalent is a connector that delivers a file with no media type, and the fix is the same input directive the error suggests.

Quotes and escapes: the default is not the one you think

In the RFC 4180 convention, a field containing a comma is wrapped in double quotes, and any quote inside it is doubled. This file uses that convention:

sku,name,qty,price
PEN-01,"Ballpoint pen, blue",4,2.50
PAD-22,"Notepad ""A5""",2,6.00
CLP-08,Binder clip,10,1.00

Example 173 — Read doubled quote characters.

Companion source.

Input payload — items-quoted.txt:

sku,name,qty,price
PEN-01,"Ballpoint pen, blue",4,2.50
PAD-22,"Notepad ""A5""",2,6.00
CLP-08,Binder clip,10,1.00

%dw 2.0
output application/json
---
{
  defaultEscape: read(payload, "application/csv") map $.name,
  rfc4180:       read(payload, "application/csv", { escape: "\"" }) map $.name
}

{
  "defaultEscape": [
    "Ballpoint pen, blue",
    "Notepad ",
    "Binder clip"
  ],
  "rfc4180": [
    "Ballpoint pen, blue",
    "Notepad \"A5\"",
    "Binder clip"
  ]
}

The quoted comma survives both reads, but the default read of "Notepad ""A5""" loses A5 without an error. The reader’s default escape character is a backslash, so doubled quotes need escape: "\"" for the RFC convention. A file using backslashes (Ballpoint pen \"blue\") read correctly with no properties, which I also checked.

Establish both the quote and escape conventions with the producer. Some exports use single quotes and need quote: "'"; under the defaults, 'Ballpoint pen, blue' reads as 'Ballpoint pen, losing the rest to the comma. A delimiter inside a product name makes a useful test of that agreement.

The writer has the same default, and it shows the moment a value contains the separator:

Example 174 — Choose CSV quoting and escaping.

Companion source.

%dw 2.0
output application/json
var rows = [{ sku: "PEN-01", name: "Ballpoint pen, blue" }, { sku: "PAD-22", name: "Notepad \"A5\"" }]
---
{
  defaults:    write(rows, "application/csv"),
  quoteValues: write(rows, "application/csv", { quoteValues: true }),
  rfc4180:     write(rows, "application/csv", { quoteValues: true, escape: "\"" }),
  quoteHeader: write(rows, "application/csv", { quoteValues: true, quoteHeader: true, escape: "\"" })
}

{
  "defaults": "sku,name\nPEN-01,Ballpoint pen\\, blue\nPAD-22,Notepad \\\"A5\\\"\n",
  "quoteValues": "sku,name\n\"PEN-01\",\"Ballpoint pen, blue\"\n\"PAD-22\",\"Notepad \\\"A5\\\"\"\n",
  "rfc4180": "sku,name\n\"PEN-01\",\"Ballpoint pen, blue\"\n\"PAD-22\",\"Notepad \"\"A5\"\"\"\n",
  "quoteHeader": "\"sku\",\"name\"\n\"PEN-01\",\"Ballpoint pen, blue\"\n\"PAD-22\",\"Notepad \"\"A5\"\"\"\n"
}

The doubled backslashes in this JSON output represent single backslashes in the CSV. With defaults, the writer does not quote these fields; it escapes the comma in Ballpoint pen\, blue. A consumer expecting quoted fields and doubled inner quotes will not interpret that convention correctly.

quoteValues=true wraps every field but still uses the default escape character. Adding escape="\"" produces the doubled-quote form shown in rfc4180; quoteHeader=true extends quoting to the header. Agree the convention with the receiving parser, then round-trip a field containing both a delimiter and a quote before trusting it.

Ragged rows, preamble lines, blank lines

Real exports are not rectangular. A row with fewer fields than the header, and one with more:

sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2
CLP-08,Binder clip,10,1.00,extra

[
  {
    "sku": "PEN-01",
    "name": "Ballpoint pen",
    "qty": "4",
    "price": "2.50"
  },
  {
    "sku": "PAD-22",
    "name": "Notepad",
    "qty": "2"
  },
  {
    "sku": "CLP-08",
    "name": "Binder clip",
    "qty": "10",
    "price": "1.00",
    "column_4": "extra"
  }
]

The short row is missing its price key, so $.price is null there and as Number on it fails. The long row gains a column_4. Neither shape causes a reader error. If you need a rectangular feed, check sizeOf(keysOf($)) per row and reject mismatches.

Exports that begin with a title line or two are common, and headerLineNumber and bodyStartLineNumber exist for them. Their numbering is not documented well, so I ran the combinations:

Acme supplier export
Generated 2026-06-14
sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00

Example 175 — Locate a CSV header after a preamble.

Companion source.

Input payload — items-preamble.txt:

Acme supplier export
Generated 2026-06-14
sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00

%dw 2.0
output application/json
---
{
  h1: read(payload, "application/csv", { headerLineNumber: 1 })[0],
  h2: read(payload, "application/csv", { headerLineNumber: 2 })[0],
  h3: read(payload, "application/csv", { headerLineNumber: 3 })[0],
  h2b4: read(payload, "application/csv", { headerLineNumber: 2, bodyStartLineNumber: 4 })[0],
  b3only: read(payload, "application/csv", { bodyStartLineNumber: 3 })[0]
}

{
  "h1": {
    "Acme supplier export": "Generated 2026-06-14"
  },
  "h2": {
    "Generated 2026-06-14": "sku",
    "column_1": "name",
    "column_2": "qty",
    "column_3": "price"
  },
  "h3": {
    "sku": "PEN-01",
    "name": "Ballpoint pen",
    "qty": "4",
    "price": "2.50"
  },
  "h2b4": {
    "Generated 2026-06-14": "PEN-01",
    "column_1": "Ballpoint pen",
    "column_2": "4",
    "column_3": "2.50"
  },
  "b3only": {
    "Acme supplier export": "sku",
    "column_1": "name",
    "column_2": "qty",
    "column_3": "price"
  }
}

Both properties count lines from 1 (0 behaved like 1). headerLineNumber: 3 is the whole fix for a two-line preamble: the header is line 3 and the body starts on the next line by default. bodyStartLineNumber moves only where the data begins. On its own it leaves the header on line 1 and turns the real header into a data row, which is what b3only shows. The h2 case shows what a one-column header does to the rest: unnamed columns fall back to column_N.

Blank lines are dropped by default (ignoreEmptyLine is true). Set it to false and each blank line becomes a row of { "sku": "" }, which I have never wanted and mention only so the property is not a mystery.

Writing CSV: the columns come from the first object, and only the first

The writer takes an array of objects, emits the first object’s keys as the header, and then writes each object’s values. What it does not do is align later objects to that header by name. I had assumed it did, and this is the run that corrected me:

Example 176 — Inspect CSV column order.

Companion source.

%dw 2.0
output application/csv
---
[
  { sku: "PEN-01", qty: 4 },
  { qty: 2, sku: "PAD-22" },
  { sku: "CLP-08", qty: 10, note: "bulk" },
  { sku: "PEN-01" }
]

sku,qty
PEN-01,4
2,PAD-22
CLP-08,10,bulk
PEN-01

The second row places the quantity under sku and the SKU under qty. The third adds an unlabelled column, and the fourth has a column missing; all four rows were written with exit code 0. Each object therefore needs the same keys in the same order. Constructing every row with one literal object expression, as the chapter’s map { … } examples do, makes that layout explicit. Writing payload directly leaves the column order to the objects in the input.

[image: The first object has keys sku then qty and establishes the CSV header. The second object has keys qty then sku. Its values are emitted in that order, placing 2 under sku and PAD-22 under qty. Building each row with the same literal key order prevents this positional mismatch.]

A nested object cannot become a cell:

Example 177 — Reject a nested CSV field.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/csv
---
payload.items map { sku: $.sku, dims: { w: 10, h: 20 } }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Object to String

4| payload.items map { sku: $.sku, dims: { w: 10, h: 20 } }
                                         ^^^^^^^^^^^^^^^^
Trace:
  at 177-write-nested-fails::main (line: 4, column: 39) at:

4| payload.items map { sku: $.sku, dims: { w: 10, h: 20 } }
                                         ^^^^^^^^^^^^^^^^

The cell needs a scalar value: flatten the object first (w: $.dims.w), or write it to a JSON string the consumer can handle. A single object at the root writes as one row — no enclosing array required. header=false drops the header line; properties such as separator and quoteValues go on the directive:

Example 178 — Write quoted semicolon-separated fields.

Companion source.

Use items.csv as payload, as above.

%dw 2.0
output application/csv separator=";", quoteValues=true, header=true
---
payload map {
  SKU: $.sku,
  Quantity: $.qty
}

SKU;Quantity
"PEN-01";"4"
"PAD-22";"2"
"CLP-08";"10"

The header row is your keys, so you name the columns by naming the keys. lineSeparator is the last property worth knowing, because a consumer on Windows may insist on \r\n. write(rows, "application/csv", { lineSeparator: "\r\n" }) produces exactly that, and I checked the bytes through JSON’s escaping rather than trusting a terminal.

A padded supplier upload

The supplier uses semicolons and pads both the header and the values. A selector for sku cannot find the key sku ; trimming values alone leaves that mismatch in place.

sku ;name         ;qty;unit_price
PEN-01 ;Ballpoint pen ;4  ;2.50
PAD-22 ;Notepad       ;2  ;6.00
CLP-08 ;Binder clip   ;10 ;1.00

The worked upload, fixed

Back to the file this chapter opened with. The keys are padded, so trim them before selecting by name. mapObject over each row does that in one pass. Underscores are legal in a bare key, so row.unit_price needs no quoting. The padded name would instead need row."name         ":

Example 179 — Normalize an uploaded CSV file.

Companion source.

Input payload — upload.txt:

sku ;name         ;qty;unit_price
PEN-01 ;Ballpoint pen ;4  ;2.50
PAD-22 ;Notepad       ;2  ;6.00
CLP-08 ;Binder clip   ;10 ;1.00

%dw 2.0
output application/json
---
read(payload, "application/csv", { separator: ";" })
  map ($ mapObject { (trim($$)): trim($) })
  map (row) -> {
    sku:       row.sku,
    name:      row.name,
    qty:       row.qty as Number,
    unitPrice: row.unit_price as Number
  }

[
  {
    "sku": "PEN-01",
    "name": "Ballpoint pen",
    "qty": 4,
    "unitPrice": 2.5
  },
  {
    "sku": "PAD-22",
    "name": "Notepad",
    "qty": 2,
    "unitPrice": 6
  },
  {
    "sku": "CLP-08",
    "name": "Binder clip",
    "qty": 10,
    "unitPrice": 1
  }
]

The keysOf check that would have found the fault in the first place is one line. keysOf(rows[0]) map ($ as String) printed ["sku ", "name         ", "qty", "unit_price"], and the trailing spaces are visible in the quotes. Whenever a selector on CSV data returns null for a column you can see in the file, print the keys before you do anything else.

Exercises

Tab-separated out. From A-1001 as JSON, write a TSV of sku, qty and the line total. Run it. What would go wrong if one item had an extra key?

Show answer

Example 180 — Write tab-separated output.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/csv separator="\t"
---
payload.items map { sku: $.sku, qty: $.qty, lineTotal: $.qty * $.price }

sku	qty	lineTotal
PEN-01	4	10
PAD-22	2	12
CLP-08	10	10

Nothing. The map builds every row from the same literal, so every row has the same three keys in the same order, regardless of what the input item carried. That is the point of building rows explicitly.


EU totals. Read the semicolon file with decimal commas and produce each line total and the order total as numbers. Run it.

Show answer

Example 181 — Total European price strings.

Companion source.

Use items-semicolon.txt as payload, as above.

%dw 2.0
output application/json
var rows = read(payload, "application/csv", { separator: ";" })
---
{
  lines: rows map { sku: $.sku, lineTotal: ($.qty as Number) * (($.price replace "," with ".") as Number) },
  total: sum(rows map (($.qty as Number) * (($.price replace "," with ".") as Number)))
}

{
  "lines": [
    {
      "sku": "PEN-01",
      "lineTotal": 10
    },
    {
      "sku": "PAD-22",
      "lineTotal": 12
    },
    {
      "sku": "CLP-08",
      "lineTotal": 10
    }
  ],
  "total": 32
}

The repeated coercion is a smell; a fun price(row) in the header, or a first map that normalises the rows, removes it. Chapter 15 covers where such a function should live.


Name the columns. Read the headerless file and write it back out as CSV with a proper header, without writing column_0 four times.

Show answer

Example 182 — Name headerless columns.

Companion source.

Use items-noheader.txt as payload, as above.

%dw 2.0
output application/csv
var names = ["sku", "name", "qty", "price"]
---
read(payload, "application/csv", { header: false }) map (row) ->
  (row pluck ((value, key, index) -> { (names[index]): value })) reduce ($$ ++ $)

sku,name,qty,price
PEN-01,Ballpoint pen,4,2.50
PAD-22,Notepad,2,6.00
CLP-08,Binder clip,10,1.00

pluck visits each pair with its index, builds a one-key object from the matching name, and reduce ($$ ++ $) merges the four back into a row. The same technique renames any positional record.


Keep a fixture containing a delimiter and a quote inside a cell, plus a row with a missing field. On output, construct every row with the same fields in the same order. Those checks catch problems that an ordinary three-row upload can hide.







Chapter

19

Read and Write XML Orders


The order now arrives as XML. Its element text, attributes and repeated children need to survive as values the transformation can use. Start with one unnamespaced order and inspect what the reader supplies before building the JSON result.

[image: XML source: Three item elements: Text and attributes. Reader model: Three item keys: Values remain strings. Selection: .*item: array of three: as Number: conversion. A single-value selector can return one item from a multi-item order.]

What the reader makes of XML

A selector can silently lose data when the model represents XML differently from what you assumed. The model has to carry XML’s structure through keys and values, and attributes, namespaces, mixed text and repeated elements each have a representation in it. The application/dw writer can display those model values directly; the repeated-element example below uses it to make duplicate keys visible.

Attributes ride on the key. The model keeps attributes as a decoration — written @(…) — and the attribute selector reads them back:

Example 183 — Select XML attributes.

Companion source.

Input payload — order.xml:

<order id="A-1001" channel="web">
  <customer>Dana</customer>
  <item sku="PEN-01" qty="4">Ballpoint pen</item>
  <item sku="PAD-22" qty="2">Notepad</item>
  <item sku="CLP-08" qty="10">Binder clip</item>
  <coupon/>
  <total currency="USD">32.00</total>
</order>

%dw 2.0
output application/json
---
{
  orderId:  payload.order.@id,
  channel:  payload.order.@channel,
  amount:   payload.order.total,
  currency: payload.order.total.@currency,
  amountType: typeOf(payload.order.total) as String
}

{
  "orderId": "A-1001",
  "channel": "web",
  "amount": "32.00",
  "currency": "USD",
  "amountType": "String"
}

.@id selects one attribute by name. A bare .@ returns the whole attribute object. That lets you iterate the attributes or check what is there:

Example 184 — Inspect an XML attribute object.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/json
---
{
  all:  payload.order.@,
  keys: keysOf(payload.order.@) map ($ as String),
  qtys: payload.order.*item.@qty
}

{
  "all": {
    "id": "A-1001",
    "channel": "web"
  },
  "keys": [
    "id",
    "channel"
  ],
  "qtys": [
    "4",
    "2",
    "10"
  ]
}

The last line shows the attribute selector distributing over an array. .*item, covered below, gives three elements, and .@qty on that gives three attribute values.

Everything is a string, and what that does and does not break

amountType above says String, as do the other text and attribute values shown: the XML reader does not infer numbers. The next script shows where an operation coerces those strings and where their type remains visible:

Example 185 — Check the types of XML text values.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/json
---
{
  raw:        payload.order.total,
  doubled:    payload.order.total * 2,
  joined:     payload.order.total ++ payload.order.total,
  coerced:    payload.order.total as Number,
  compared:   payload.order.total > 5,
  lineTotals: payload.order.*item map ($.@qty * 2.5)
}

{
  "raw": "32.00",
  "doubled": 64,
  "joined": "32.0032.00",
  "coerced": 32,
  "compared": true,
  "lineTotals": [
    10,
    5,
    25
  ]
}

Arithmetic and comparison coerce the strings in these examples: "32.00" * 2 gives 64, "4" * 2.5 gives 10, and "32.00" > 5 gives true. Writing the selected value does not make the same conversion. raw remains the string "32.00", while ++ concatenates the two strings.

Explicit as Number therefore establishes the value’s type for the rest of the transform, even where arithmetic could do the coercion itself. Put the conversion where the value is produced, so both the calculation and the output receive a number. Chapter 18 shows why sorting needs that decision too.

Writing attributes

Producing attributes is the same @(…) decoration on a key in the object you build. Here the JSON order from chapter 17 goes out as the XML this chapter opened with:

Example 186 — Write XML elements and attributes.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/xml
---
{
  order @(id: payload.orderId, status: "shipped"): {
    customer: payload.customer,
    (payload.items map {
      item @(sku: $.sku, qty: $.qty): $.sku
    }),
    total @(currency: "USD"): sum(payload.items map ($.price * $.qty))
  }
}

<?xml version='1.0' encoding='UTF-8'?>
<order id="A-1001" status="shipped">
  <customer>Dana</customer>
  <item sku="PEN-01" qty="4">PEN-01</item>
  <item sku="PAD-22" qty="2">PAD-22</item>
  <item sku="CLP-08" qty="10">CLP-08</item>
  <total currency="USD">32</total>
</order>

The parenthesised map splices three item pairs into the enclosing object, giving the XML writer repeated children under one root. The total went out as 32, not 32.00; chapter 17 explained why number presentation needs an explicit choice. A consumer that wants two decimals needs a formatted string.

The single-versus-many selector

Now the trap from the first paragraph, with all three shapes of feed run through the same script:

Example 187 — Select one or all repeated elements.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/json
---
{
  single: payload.order.item,
  many:   payload.order.*item,
  singleSku: payload.order.item.@sku,
  manySku:   payload.order.*item.@sku
}

Against the three-item order:

{
  "single": "Ballpoint pen",
  "many": [
    "Ballpoint pen",
    "Notepad",
    "Binder clip"
  ],
  "singleSku": "PEN-01",
  "manySku": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ]
}

Against a one-item order:

{
  "single": "Ballpoint pen",
  "many": [
    "Ballpoint pen"
  ],
  "singleSku": "PEN-01",
  "manySku": [
    "PEN-01"
  ]
}

And against an order with no <item> at all:

{
  "single": null,
  "many": null,
  "singleSku": null,
  "manySku": null
}

The reader represents a repeated element by putting the key into the object more than once. These are the duplicate keys from chapter 17. .item means “the first item key”, and on any XML that is what it returns. .*item means “every item key, as an array”. On one item it returns an array of one. That keeps .*item map … consistent across one-line and thirty-line orders.

The third run is the correction to something I believed before running it. .*item on an element that is absent returns null, not an empty array. Calling map on that null quietly produces null, rather than the empty array you would get by mapping []:

Example 188 — Select an absent element collection.

Companion source.

Input payload — no-items.xml:

<order id="A-1012" channel="web">
  <customer>Dana</customer>
</order>

%dw 2.0
output application/json
---
{
  many:      payload.order.*item,
  mapped:    payload.order.*item map $.@sku,
  guarded:   (payload.order.*item default []) map $.@sku,
  count:     sizeOf(payload.order.*item default [])
}

{
  "many": null,
  "mapped": null,
  "guarded": [
    
  ],
  "count": 0
}

sizeOf(null) is also null, so sizeOf(payload.order.*item) reports null for an order with no matching items. If a consumer needs [] and 0, default [] right after the selector is the whole fix. I now write it by reflex on any .* that can be absent.

The other direction fails loudly, which is a mercy. Use map on the single-value selector and the one-item feed hands map a string:

Example 189 — A single element is not an array.

Companion source.

Input payload — one-item.xml:

<order id="A-1011" channel="web">
  <customer>Dana</customer>
  <item sku="PEN-01" qty="1">Ballpoint pen</item>
</order>

%dw 2.0
output application/json
---
payload.order.item map { sku: $.@sku, name: $ }

[ERROR] Error while executing the script:
[ERROR] You called the function 'map' with these arguments: 
  1: String ("Ballpoint pen")
  2: Function (($:Any, $$:Any) -> ???)

But it expects arguments of these types:
  1: Array
  2: Function


4| payload.order.item map { sku: $.@sku, name: $ }
                      ^^^
Trace:
  at 189-a-single-element-is-not-an-array::main (line: 4, column: 20) at:

4| payload.order.item map { sku: $.@sku, name: $ }
                      ^^^

That error is the one you want to see in a test, because the silent alternative is .item returning the first line and the transform running to completion.

One more selector that looks like it should gather and does not. The descendants selector .. applies the single-value rule at every level. On repeated siblings it collects one per parent:

Example 190 — Compare XML descendant selectors.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/json
---
{
  descendItem: payload..item,
  descendStar: payload..*item,
  jsonDescend: read('{"items":[{"sku":"PEN-01"},{"sku":"PAD-22"}]}', "application/json")..sku
}

{
  "descendItem": [
    "Ballpoint pen"
  ],
  "descendStar": [
    "Ballpoint pen",
    "Notepad",
    "Binder clip"
  ],
  "jsonDescend": [
    "PEN-01",
    "PAD-22"
  ]
}

..item found one of the three, because all three sit under the same parent. ..sku in the JSON found both, because each sku sits in its own object. ..*item is the form that means “every item, anywhere”. The rule: only the * forms — .* and ..* — gather repeated siblings.

Three ways the XML reader and writer fail

The writer needs exactly one root. Give it an object with two top-level keys and it writes the first, then stops:

Example 191 — Try writing two XML roots.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/xml
---
{
  id: payload.order.@id,
  customer: payload.order.customer
}

[ERROR] Error while executing the script:
[ERROR] Trying to output second root, <customer>, while writing Xml at . at:

Give it an array at the root and the message is less helpful, because the writer tried to coerce the array to text content:

Example 192 — Try writing an array at the XML root.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/xml
---
payload.order.*item

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Array to String

4| payload.order.*item
   ^^^^^^^^^^^^^^^^^^^
Trace:
  at 192-array-root-output::main (line: 4, column: 1) at:

4| payload.order.*item
   ^^^^^^^^^^^^^^^^^^^

Wrapping the array as { items: payload.order.*item } fails with Trying to output second root, <items>. An array under a key writes one <items> element per array entry. What the writer needs is a key per element. The parenthesised-map splice from the attributes section provides that:

Example 193 — Put repeated elements under one root.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/xml
---
{
  items: {
    (payload.order.*item map { item: $ })
  }
}

<?xml version='1.0' encoding='UTF-8'?>
<items>
  <item>Ballpoint pen</item>
  <item>Notepad</item>
  <item>Binder clip</item>
</items>

Malformed input fails with a position:

<order id="A-1001">
  <customer>Dana
</order>

Example 194 — Reject malformed XML.

Companion source.

Input payload — broken.xml:

<order id="A-1001">
  <customer>Dana
</order>

%dw 2.0
output application/json
---
payload.order.customer

[ERROR] Error while executing the script:
[ERROR] Unexpected close tag </order>; expected </customer>.
 at [row,col {unknown-source}]: [3,7] at:
[row,col]: [3,7]

And the last one is the failure I did not expect. A file with two root elements is not well-formed XML:

<order id="A-1001"><customer>Dana</customer></order>
<order id="A-1010"><customer>Sam</customer></order>

Yet payload.order.customer against it returns "Dana" with exit code 0. Print the whole payload with output application/dw and you get:

[ERROR] Error while executing the script:
[ERROR] Illegal to have multiple roots (start tag in epilog?).
 at [row,col {unknown-source}]: [2,2], while reading `payload` as Xml.

The reader parses as far as the selectors require. Reading the first customer’s name never reached the second root; printing the complete model did, and exposed the malformed document. This explains how adding a selector can make a previously successful transform fail on the same input. When validation of the whole document matters, consume all of it deliberately instead of treating a successful partial read as that check.

Exercises

Costume swap with attributes. Take A-1001 as JSON and write it as XML where each line item is <item sku="…">qty</item>. Run it. Why does the map need parentheses around it?

Show answer

Example 195 — Build XML order elements.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/xml
---
{
  order @(id: payload.orderId): {
    (payload.items map {
      item @(sku: $.sku): $.qty
    })
  }
}

<?xml version='1.0' encoding='UTF-8'?>
<order id="A-1001">
  <item sku="PEN-01">4</item>
  <item sku="PAD-22">2</item>
  <item sku="CLP-08">10</item>
</order>

The parentheses splice the three item pairs into the order object. That gives the writer one outer root containing repeated item elements. An array under a key is another representation, but at the document root it can produce multiple roots, as the earlier failure showed.


Survive the one-item feed. Write a script that reports the count and the SKUs of an order’s items, and run it against the one-item order. Then explain what the same script prints for an order with no items, and fix it.

Show answer

Example 196 — Preserve a one-item array.

Companion source.

Use one-item.xml as payload, as above.

%dw 2.0
output application/json
---
{
  count: sizeOf(payload.order.*item),
  skus:  payload.order.*item map $.@sku
}

{
  "count": 1,
  "skus": [
    "PEN-01"
  ]
}

On the empty order both fields are null, because .*item returns null when nothing matches and both sizeOf and map pass null through. payload.order.*item default [] in both places gives 0 and [].


Write the whole JSON order as XML. In Example 186 — Write XML elements and attributes, keep the JSON input and the XML output directive, but replace the body with payload. Predict the result before running. Why does the XML writer reject an object that the JSON writer could print?

Show answer

[ERROR] Error while executing the script:
[ERROR] Trying to output second root, <customer>, while writing Xml at . at:

The JSON writer accepted an object with five top-level keys. The XML writer wrote <orderId> as the root element and then had nowhere to put <customer>, because an XML document has exactly one root. Wrapping the payload in a single key ({ order: payload }) fixes it. The input still produces an object, but the XML writer requires that object to describe a single root.


Use a multi-value selector where the contract permits repeated elements, and decide what an absent collection means. The zero-, one- and many-item cases belong to the same transformation, not to three unrelated examples.
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20

Handle XML Namespaces and Content


The basic XML order is working. A partner feed adds a namespace; a description later acquires markup; an empty element needs a different interpretation. Treat each as a named change to the source contract and inspect its effect before combining them.

[image: Three sibling item elements enter the XML reader. A single-value item selector returns only the first text value, while the multi-value selector returns all three in an array. With no matching items, the multi-value selector returns null; default empty array supplies the intended collection shape.]

Namespaces

Real XML from a SOAP service or an industry schema comes wrapped in namespaces. Here is A-1001 again with a prefix on every element:

<ord:order xmlns:ord="http://acme.com/orders" id="A-1001">
  <ord:customer>Dana</ord:customer>
  <ord:item sku="PEN-01" qty="4">Ballpoint pen</ord:item>
  <ord:item sku="PAD-22" qty="2">Notepad</ord:item>
  <ord:item sku="CLP-08" qty="10">Binder clip</ord:item>
  <ord:total currency="USD">32.00</ord:total>
</ord:order>

You declare a namespace in the header with ns, binding a prefix of your choosing to the URI. Then you select through it with #:

Example 197 — Select namespaced XML elements.

Companion source.

Input payload — order-ns.xml:

<ord:order xmlns:ord="http://acme.com/orders" id="A-1001">
  <ord:customer>Dana</ord:customer>
  <ord:item sku="PEN-01" qty="4">Ballpoint pen</ord:item>
  <ord:item sku="PAD-22" qty="2">Notepad</ord:item>
  <ord:item sku="CLP-08" qty="10">Binder clip</ord:item>
  <ord:total currency="USD">32.00</ord:total>
</ord:order>

%dw 2.0
ns ord http://acme.com/orders
output application/json
---
{
  total:      payload.ord#order.ord#total,
  unprefixed: payload.order.total,
  customer:   payload.ord#order.ord#customer
}

{
  "total": "32.00",
  "unprefixed": "32.00",
  "customer": "Dana"
}

The middle result shows that payload.order.total matches ord:total without a namespace prefix. It would match inv:total too: an unprefixed selector uses the local name regardless of namespace. That is convenient in this document, but ambiguous when two vocabularies contain the same local name. A single-value selector then takes the first match. Use the # form when the script must accept only the expected namespace.

What the # form binds to is the URI, not the letters the source file used:

Example 198 — Match a namespace with a different prefix.

Companion source.

Use order-ns.xml as payload, as above.

%dw 2.0
ns acme http://acme.com/orders
ns wrong http://acme.com/invoices
output application/json
---
{
  byUri:    payload.acme#order.acme#total,
  wrongUri: payload.wrong#order.wrong#total
}

{
  "byUri": "32.00",
  "wrongUri": null
}

The document says ord: and the script says acme#. They agree on the URI, so it matches. wrong# has a different URI and returns null, silently, which is how a one-character typo in a namespace declaration behaves. If the element is visibly present but a namespaced selector returns null, compare the URIs character by character.

A default namespace (xmlns="…" with no prefix) is still a namespace, and the same rules hold:

<order xmlns="http://acme.com/orders" id="A-1001">
  <customer>Dana</customer>
  <total currency="USD">32.00</total>
</order>

Example 199 — Read a default XML namespace.

Companion source.

Input payload — order-defaultns.xml:

<order xmlns="http://acme.com/orders" id="A-1001">
  <customer>Dana</customer>
  <total currency="USD">32.00</total>
</order>

%dw 2.0
ns o http://acme.com/orders
output application/json
---
{
  unprefixed: payload.order.total,
  withNs:     payload.o#order.o#total,
  attr:       payload.o#order.@id
}

{
  "unprefixed": "32.00",
  "withNs": "32.00",
  "attr": "A-1001"
}

Producing namespaced XML is the mirror image. Declare the namespace, use the # form on the keys, and the writer emits the declaration on the first element that needs it:

Example 200 — Write a namespaced XML order.

Companion source.

%dw 2.0
ns ord http://acme.com/orders
output application/xml
---
{
  ord#order @(id: "A-1001"): {
    ord#customer: "Dana",
    ord#total @(currency: "USD"): 32.00
  }
}

<?xml version='1.0' encoding='UTF-8'?>
<ord:order xmlns:ord="http://acme.com/orders" id="A-1001">
  <ord:customer>Dana</ord:customer>
  <ord:total currency="USD">32</ord:total>
</ord:order>

Mixed content and CDATA

An element that holds text and child elements is mixed content, the thing HTML-in-XML loves:

<note>Ship to <name>Dana</name> before Friday.</note>

The reader keeps the text runs and the child elements together, in document order. Each run of loose text sits under the key __text. output application/dw shows it exactly:

{
  note: {
    "__text": "Ship to ",
    name: "Dana",
    "__text": " before Friday."
  }
} as Object {encoding: "UTF-8", mediaType: "application/xml"}

Two __text keys, one name key, in order: the duplicate-key model again. You can select any of it, and .* gathers the runs:

Example 201 — Inspect mixed XML text.

Companion source.

Input payload — mixed.xml:

<note>Ship to <name>Dana</name> before Friday.</note>

%dw 2.0
output application/json
---
{
  name:     payload.note.name,
  firstRun: payload.note."__text",
  allRuns:  payload.note.*"__text",
  flat:     payload.note.*"__text" joinBy "[name]"
}

{
  "name": "Dana",
  "firstRun": "Ship to ",
  "allRuns": [
    "Ship to ",
    " before Friday."
  ],
  "flat": "Ship to [name] before Friday."
}

payload.note as String fails with Cannot coerce Object to String, because an element with a child is an object. If a feed introduces markup inside a description, a transform expecting text receives that object instead. Inspecting its mixed content explains why the coercion stopped working and identifies the text and child elements the transform must handle.

CDATA is text the source wrapped to protect markup or special characters. On the read side it is transparent:

<item sku="CLP-08">
  <description><![CDATA[ 10" laptop stand & cable <clip> ]]></description>
  <escaped>10&quot; laptop stand &amp; cable &lt;clip&gt;</escaped>
</item>

Example 202 — Read CDATA as text.

Companion source.

Input payload — cdata.xml:

<item sku="CLP-08">
  <description><![CDATA[ 10" laptop stand & cable <clip> ]]></description>
  <escaped>10&quot; laptop stand &amp; cable &lt;clip&gt;</escaped>
</item>

%dw 2.0
output application/json
---
{
  fromCdata:   payload.item.description,
  fromEscaped: payload.item.escaped,
  same:        trim(payload.item.description) == payload.item.escaped
}

{
  "fromCdata": " 10\" laptop stand & cable <clip> ",
  "fromEscaped": "10\" laptop stand & cable <clip>",
  "same": true
}

Both routes preserve the quotes and angle brackets. The CDATA version also keeps its surrounding spaces. On the write side the XML writer escapes by default. If a receiving system demands CDATA, coercing the value to CData requests that form:

Example 203 — Write a CDATA value.

Companion source.

Use cdata.xml as payload, as above.

%dw 2.0
output application/xml
---
{
  item @(sku: "CLP-08"): {
    plain:   payload.item.escaped,
    wrapped: payload.item.escaped as CData
  }
}

<?xml version='1.0' encoding='UTF-8'?>
<item sku="CLP-08">
  <plain>10" laptop stand &amp; cable &lt;clip></plain>
  <wrapped><![CDATA[10" laptop stand & cable <clip>]]></wrapped>
</item>

The type is spelled CData, capital C and capital D. Write it as cdata and the compiler treats it as an unknown name:

[ERROR] Unable to resolve reference of: `cdata`.

4| { item: { wrapped: payload.item.escaped as cdata } }
                                              ^^^^^

Note also that the plain writer escaped & and < but left > alone, which is legal XML. If a consumer’s parser is strict about >, the writer has an escapeGT property.

Nulls, empties, and the element that is not there

The order feed carries <coupon/>. What is that in the model?

Example 204 — Inspect an empty XML element.

Companion source.

Input payload — order.xml:

<order id="A-1001" channel="web">
  <customer>Dana</customer>
  <item sku="PEN-01" qty="4">Ballpoint pen</item>
  <item sku="PAD-22" qty="2">Notepad</item>
  <item sku="CLP-08" qty="10">Binder clip</item>
  <coupon/>
  <total currency="USD">32.00</total>
</order>

%dw 2.0
output application/json
---
{
  coupon:     payload.order.coupon,
  couponType: typeOf(payload.order.coupon) as String,
  isNull:     payload.order.coupon == null,
  isEmpty:    payload.order.coupon == "",
  missing:    payload.order.giftWrap
}

{
  "coupon": null,
  "couponType": "Null",
  "isNull": true,
  "isEmpty": false,
  "missing": null
}

An empty element reads as null, not as an empty string, and so does an element that is not there. That is the reader property nullValueOn at its default of "empty". Set it to "none" and empty elements read as "" instead:

Example 205 — Read empty XML elements.

Companion source.

%dw 2.0
output application/json
var xml = "<order><coupon/><note></note><customer>Dana</customer></order>"
---
{
  defaultRead: read(xml, "application/xml"),
  none:        read(xml, "application/xml", { nullValueOn: "none" })
}

{
  "defaultRead": {
    "order": {
      "coupon": null,
      "note": null,
      "customer": "Dana"
    }
  },
  "none": {
    "order": {
      "coupon": "",
      "note": "",
      "customer": "Dana"
    }
  }
}

<coupon/> and <note></note> are the same to the reader either way. An element marked xsi:nil="true" also reads as null, with the xsi:nil attribute consumed rather than exposed on .@.

Going out, a null becomes an empty element, and so do an empty string and a missing key you named:

Example 206 — Write null values as XML.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/xml
---
{ order: { coupon: null, note: "", giftWrap: payload.order.giftWrap } }

<?xml version='1.0' encoding='UTF-8'?>
<order>
  <coupon/>
  <note/>
  <giftWrap/>
</order>

If the schema on the other side distinguishes “absent” from “nil”, writeNilOnNull=true writes the nil marker. It also declares the xsi namespace for you:

<order>
  <coupon xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:nil="true"/>
  <note/>
</order>

If the consumer’s parser objects to self-closing tags, inlineCloseOn="none" writes <coupon></coupon> instead of <coupon/>. Chapter 17’s property lookup works here too — put a nonsense option on the directive and read the list:

[ERROR] Option `bogus` is not valid. Valid options are: `writeDeclaration`, `indent`, `doubleQuoteInDeclaration`, `encoding`, `escapeGT`, `defaultNamespace`, `bufferSize`, `inlineCloseOn`, `onInvalidChar`, `writeNilOnNull`, `escapeCR`, `skipNullOn`, `writeDeclaredNamespaces`, `deferred`

The reader’s list, from read(…, "application/xml", { bogus: true }), is supportDtd, streaming, maxEntityCount, optimizeFor, indexedReader, maxAttributeSize, nullValueOn, collectionPath, externalEntities.

Writer properties you will reach for

For a fragment embedded in a larger document, writeDeclaration=false drops the <?xml …?> prolog. The indent=false option gives one-line output for the wire:

Example 207 — Choose the XML declaration and indentation.

Companion source.

Use order.xml as payload, as above.

%dw 2.0
output application/xml writeDeclaration=false, indent=false
---
{ order @(id: payload.order.@id): { customer: payload.order.customer } }

<order id="A-1001"><customer>Dana</customer></order>

encoding changes both the declaration and the bytes, which is easy to misread on a terminal:

Example 208 — Select an XML output encoding.

Companion source.

%dw 2.0
output application/xml encoding="ISO-8859-1"
---
{ order: { customer: "Dana Müller" } }

<?xml version='1.0' encoding='ISO-8859-1'?>
<order>
  <customer>Dana M�ller</customer>
</order>

The replacement character is my UTF-8 terminal failing to decode a Latin-1 byte. The writer did what it was asked. If you see that symbol in a log, check the declared encoding before you check the data.

A worked feed

The namespaced feed needs a JSON order whose id and currency survive as fields, whose lines remain an array, and whose quantities and total are numbers. Selecting each part explicitly gives the writer that shape:

Example 209 — Normalize a namespaced XML feed.

Companion source.

Use order-ns.xml as payload, as above.

%dw 2.0
ns ord http://acme.com/orders
output application/json
---
{
  orderId:  payload.ord#order.@id,
  customer: payload.ord#order.ord#customer,
  currency: payload.ord#order.ord#total.@currency,
  total:    payload.ord#order.ord#total as Number,
  lines:    payload.ord#order.*ord#item map {
    sku:  $.@sku,
    qty:  $.@qty as Number,
    name: $
  }
}

{
  "orderId": "A-1001",
  "customer": "Dana",
  "currency": "USD",
  "total": 32,
  "lines": [
    {
      "sku": "PEN-01",
      "qty": 4,
      "name": "Ballpoint pen"
    },
    {
      "sku": "PAD-22",
      "qty": 2,
      "name": "Notepad"
    },
    {
      "sku": "CLP-08",
      "qty": 10,
      "name": "Binder clip"
    }
  ]
}

The root attribute supplies the order id, and # binds each element selector to the expected URI. The multi-value selector survives a one-item feed, while as Number converts each numeric value where it is produced. This script covers the nonempty fixture shown. To include empty orders, default the missing repeated-element selection to [] before mapping; chapter 23 builds that policy into its normalization function and checks the empty case.

read() and write(): formats inside the body

The output directive picks the writer for the script’s result, and the input’s media type picks the reader for payload. Both are decided outside the body. Sometimes you need a reader or writer inside it. A JSON field might contain an XML string, or a JSON envelope might need to carry CSV. An individual value might also need different formatting properties from the rest of the output. read() and write() are those readers and writers as functions:

Example 210 — Read and write embedded formats.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/json
var xml = '<order id="A-1001"><customer>Dana</customer></order>'
---
{
  parsed:    read(xml, "application/xml"),
  asJson:    write(read(xml, "application/xml"), "application/json", { indent: false }),
  asXml:     write({ order: { id: payload.orderId } }, "application/xml", { writeDeclaration: false, indent: false }),
  asCsv:     write(payload.items, "application/csv"),
  typeOfWrite: typeOf(write(payload, "application/json")) as String
}

{
  "parsed": {
    "order": {
      "customer": "Dana"
    }
  },
  "asJson": "{\"order\": {\"customer\": \"Dana\"}}",
  "asXml": "<order><id>A-1001</id></order>",
  "asCsv": "sku,price,qty,note\nPEN-01,2.5,4,\nPAD-22,6,2\nCLP-08,1,10\n",
  "typeOfWrite": "String"
}

read(text, format, properties) returns a model value; write(value, format, properties) returns a String for the text formats shown here. The properties object takes the same names the directives do. The output also shows three ways a format choice can affect the result.

The id attribute vanished from parsed. The XML reader kept it — as @(id: "A-1001") in the model — but the JSON writer has no place to put an attribute and drops it silently. writeAttributes=true on the JSON writer keeps them, with a naming convention:

Example 211 — Preserve XML attributes in JSON output.

Companion source.

Input payload — order.xml:

<order id="A-1001" channel="web">
  <customer>Dana</customer>
  <total currency="USD">32.00</total>
</order>

%dw 2.0
output application/json writeAttributes=true
---
payload

Run against the XML order from earlier:

{
  "order": {
    "@id": "A-1001",
    "@channel": "web",
    "customer": "Dana",
    "total": {
      "@currency": "USD",
      "__text": "32.00"
    }
  }
}

Attributes become @-prefixed keys, and an element that had both attributes and text becomes an object with a __text key. That changes the shape of total from a string to an object. Any selector written against the plain version now returns something else.

The asCsv output has a ragged first row: PEN-01,2.5,4,, with a trailing comma and nothing after it. Only the first item had a note key, and the CSV writer took its columns from that first object. Chapter 18 shows what the writer does when later objects have keys the first did not.

And read() does not infer the format from the content. Hand it XML and tell it JSON:

Example 212 — Reject XML presented as JSON.

Companion source.

%dw 2.0
output application/json
---
read('<order id="A-1001"/>', "application/json")

[ERROR] Error while executing the script:
[ERROR] Exception while reading '<order id="A-1001"/>' as 'application/json' cause by:
Unexpected character '<' at root@[1:1] (line:column), expected false or true or null or {...} or [...] or number but was , while reading `root` as Json.
 
1| <order id="A-1001"/>
   ^

4| read('<order id="A-1001"/>', "application/json")
        ^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 212-reject-xml-presented-as-json::read (line: 4, column: 6)
  at 212-reject-xml-presented-as-json::main (line: 4, column: 1) at:

4| read('<order id="A-1001"/>', "application/json")
        ^^^^^^^^^^^^^^^^^^^^^^

That is a good error: it names the format, the position and what it expected. The diagnostic is tied to the explicitly requested JSON reader.

Exercises

One character off. Declare ns ord http://acme.com/order (no trailing s) and select payload.ord#order.ord#customer against the namespaced feed. What do you get, and how would you have noticed?

Show answer

{
  "customer": null
}

No error, because a namespaced selector with a different URI simply does not match. You notice by testing against a document you can read, or by dropping to the unprefixed selector to confirm the element exists before suspecting the URI.


Change the writer, not the body. Construct a summary object with the order identifier, buyer and line count. Put it under a summary root and select application/yaml as the output. Explain why the one-root shape XML needed is harmless here.

Show answer

The root remains a normal object key in YAML:

Example 213 — Write a wrapped summary as YAML.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/yaml
---
{
  summary: {
    id: payload.orderId,
    buyer: payload.customer,
    lineCount: sizeOf(payload.items)
  }
}

%YAML 1.2
---
summary:
  id: A-1001
  buyer: Dana
  lineCount: 3

YAML can serialise any object, single-key or not, so the wrapper is just a key. XML needed it because a document has one root; the body carried the shape XML required, and YAML did not mind.


An element name includes its namespace identity, and a value containing child elements has a different shape from plain text. Check those distinctions before assuming that a visible name or description will match the selector written for an earlier feed.
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Parse and Format Dates


A date-shaped string is still a string. Before comparing dates or calculating a deadline, establish which date it represents. Start with a supplier whose day-first layout is documented; the parser should not have to guess.

[image: Supplier string: 16/06/2026: Documented day-first. Parse as Date: dd/MM/yyyy: A calendar value. Format as String: yyyy-MM-dd: 2026-06-16. A successful parse cannot resolve an ambiguous source convention.]

Example 214 — Parse a declared date layout.

Companion source.

%dw 2.0
output application/json
var placed = "16/06/2026" as Date {format: "dd/MM/yyyy"}
---
{ kind: typeOf(placed), suppliedLayout: placed, iso: placed as String {format: "yyyy-MM-dd"} }

Result:

{
  "kind": "Date",
  "suppliedLayout": "16/06/2026",
  "iso": "2026-06-16"
}

The parsed value has type Date, but the attached format schema can influence how it is written. iso explicitly chooses the output layout. Parsing answers which calendar date the text means; formatting answers how that date should be represented to a consumer.

Parsing and formatting with format schemas

Coercion with as crosses between strings and temporal values. Pipes delimit temporal literals: |2026-06-16| is a Date literal, whereas "2026-06-16" is a string. A LocalDateTime adds a time of day without an offset; a DateTime includes the offset needed to identify an instant. The format schema — {format: "…"} after the type — spells out a non-ISO-8601 shape:

Example 215 — Parse and format temporal values.

Companion source.

%dw 2.0
output application/json
---
{
  parsed:   "16/06/2026" as Date {format: "dd/MM/yyyy"},
  display:  |2026-06-16| as String {format: "dd MMM yyyy"},
  iso:      |2026-06-16| as String,
  isoIn:    "2026-06-16T14:30:00Z" as DateTime,
  withTime: "2026-06-16 14:30" as LocalDateTime {format: "yyyy-MM-dd HH:mm"},
  parsedType: typeOf("16/06/2026" as Date {format: "dd/MM/yyyy"}) as String
}

{
  "parsed": "16/06/2026",
  "display": "16 Jun 2026",
  "iso": "2026-06-16",
  "isoIn": "2026-06-16T14:30:00Z",
  "withTime": "2026-06-16 14:30",
  "parsedType": "Date"
}

parsedType confirms that parsed is a Date; withTime is also a temporal value. Yet the JSON writer uses the remembered input formats, printing 16/06/2026 for parsed instead of ISO. Parsing has established the type needed for date operations without choosing a new presentation. To produce a different layout, coerce the value as String with that layout explicitly: as String {format: "yyyy-MM-dd"} gives the ISO date required by an ISO-date consumer.

An ISO-8601 string needs no schema at all (isoIn). Anything else needs one, and the tokens are Java’s DateTimeFormatter set: yyyy year, MM month, dd day, HH 24-hour, hh 12-hour, mm minutes, ss seconds, a the AM/PM marker. The next chapter explains named zones and their display tokens.

The mm that meant minutes, exactly

The tokens are case-sensitive. Formatting with mm in the month position writes minutes into a date-shaped string. Parsing with the same mistake fails when the pattern supplies no month:

Example 216 — Confuse month and minute tokens.

Companion source.

%dw 2.0
output application/json
---
{ wrong: "16/06/2026 14:30" as LocalDateTime {format: "dd/mm/yyyy HH:mm"} }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (16/06/2026 14:30) to LocalDateTime, caused by: Text '16/06/2026 14:30' could not be parsed at index 14

4| { wrong: "16/06/2026 14:30" as LocalDateTime {format: "dd/mm/yyyy HH:mm"} }
            ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 216-mm-trap-parse::main (line: 4, column: 10) at:

4| { wrong: "16/06/2026 14:30" as LocalDateTime {format: "dd/mm/yyyy HH:mm"} }
            ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The pattern asks for minutes twice and never asks for a month. Without a month, the parser cannot assemble a LocalDateTime. "2026-06-16" as Date {format: "yyyy-mm-dd"} fails the same way with Unable to convert 2026-06-16 to Date. So the rule is narrower than the folklore: parsing with the wrong case fails loudly, formatting with the wrong case succeeds silently. The bug survives review on the output side — it looks like a date.

Three other parse and format mistakes, each run:

A non-ISO string with no schema. There is no format to guess from, and DataWeave will not invent one:

[ERROR] Cannot coerce String (06/16/2026) to Date

4| { us: "06/16/2026" as Date }

hh without an AM/PM marker. Twelve-hour parsing needs to know which half of the day it is. Without a it cannot build a time, even for 02:00:

[ERROR] Cannot coerce String (02:00) to LocalTime, caused by: Text '02:00' could not be parsed: Unable to obtain LocalTime from TemporalAccessor: {MinuteOfHour=0, HourOfAmPm=2},ISO

With the marker, "02:00 PM" as LocalTime {format: "hh:mm a"} gives 14:00, and "14:00" with HH:mm parses directly. The silent case is on the format side again: |14:00:00| as String {format: "hh:mm"} prints 02:00 with nothing to say it was afternoon.

Day-of-month overflow. This one I did not expect:

Example 217 — Inspect invalid calendar dates.

Companion source.

%dw 2.0
output application/json
---
{
  feb31: "31/02/2026" as Date {format: "dd/MM/yyyy"},
  apr31: "31/04/2026" as Date {format: "dd/MM/yyyy"},
  feb29: "29/02/2026" as Date {format: "dd/MM/yyyy"}
}

{
  "feb31": "28/02/2026",
  "apr31": "30/04/2026",
  "feb29": "28/02/2026"
}

A day past the end of the month is clamped to the last valid day, with no error. 31 February becomes the 28th; 29 February in a non-leap year becomes the 28th. An hour of 25 fails (Invalid value for HourOfDay (valid values 0 - 23): 25), and a month of 13 fails (Cannot coerce String (2026-13-01) to Date), but the day field is lenient. If a feed’s dates can be typed by hand, validate the day against the parsed value ((s as Date {…}) as String {format: "dd/MM/yyyy"} == s) rather than trusting the parse to reject it.

Try it

The strings 06/07/2026 and 16/06/2026 arrive from a supplier that documents day-first dates. Which layout should the parser use, and why should it not choose a layout by trying alternatives until one succeeds?

Show answer

Use dd/MM/yyyy for both. The first value is ambiguous across day-first and month-first conventions. A successful parse cannot identify the producer’s intended date. Select the layout from the source contract and include the ambiguous value in the fixture.


A parsed temporal type does not by itself guarantee the text was acceptable under the source contract. Check invalid calendar input and the required output format separately. Next we will add the information needed to identify an instant.
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Preserve Instants and Calculate Intervals


A date identifies a calendar day. An order timestamp may need to identify the exact instant it was received, while a delivery promise may use the customer’s local calendar. Those questions require different information. Keep the offset until you know which question the report is answering.

[image: A DateTime at 14:30 with offset minus four names the same instant as 18:30 UTC. Shifting zones preserves that instant. Coercing to LocalDateTime removes the offset; coercing back used UTC in the recorded lab and therefore produced a different instant.]

Seven types, not one

DataWeave has a family of temporal types distinguished by the information each carries: a calendar day, a wall-clock time, an instant with a zone attached. Each has a literal form between pipes:

Example 218 — Inspect the seven temporal types.

Companion source.

%dw 2.0
output application/json
var values = {
  date:          |2026-06-16|,
  localTime:     |14:30:00|,
  time:          |14:30:00Z|,
  localDateTime: |2026-06-16T14:30:00|,
  dateTime:      |2026-06-16T14:30:00-04:00|,
  zone:          |-04:00|,
  period:        |P1Y2M10D|
}
---
values mapObject { ($$): { value: $, kind: typeOf($) as String } }

{
  "date": {
    "value": "2026-06-16",
    "kind": "Date"
  },
  "localTime": {
    "value": "14:30:00",
    "kind": "LocalTime"
  },
  "time": {
    "value": "14:30:00Z",
    "kind": "Time"
  },
  "localDateTime": {
    "value": "2026-06-16T14:30:00",
    "kind": "LocalDateTime"
  },
  "dateTime": {
    "value": "2026-06-16T14:30:00-04:00",
    "kind": "DateTime"
  },
  "zone": {
    "value": "-04:00",
    "kind": "TimeZone"
  },
  "period": {
    "value": "P1Y2M10D",
    "kind": "Period"
  }
}

The key is kind because type is a reserved word. As a bare key it fails to compile, and the error lists all twenty-eight reserved words and suggests quoting it. "type" in quotes works — useful when the JSON schema you need to produce has a type field.

DateTime carries a zone and LocalDateTime does not. A DateTime names an actual instant on the timeline. A LocalDateTime is “14:30 somewhere”. It cannot be compared to an instant or shifted into another zone, because there is nothing to shift from. Most order timestamps should be DateTime; the coercion examples below show what information a round trip through LocalDateTime loses.

Period is the odd one out. It is not a point in time but a span: |P2D| is two days, |PT6H| is six hours, |P1Y2M10D| is a year, two months and ten days. Adding or subtracting a period shifts a date or time value.

Coercing between the types

Going from more information to less is a truncation, and every one of these succeeds:

Example 219 — Convert between temporal types.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:00-04:00|
---
{
  toLocalDateTime: placedAt as LocalDateTime,
  toDate:          placedAt as Date,
  toLocalTime:     placedAt as LocalTime,
  toTime:          placedAt as Time,
  backAgain:       (placedAt as LocalDateTime) as DateTime,
  localToDT:       |2026-06-16T14:30:00| as DateTime,
  localToDTzone:   (|2026-06-16T14:30:00| as DateTime).timezone
}

{
  "toLocalDateTime": "2026-06-16T14:30:00",
  "toDate": "2026-06-16",
  "toLocalTime": "14:30:00",
  "toTime": "14:30:00-04:00",
  "backAgain": "2026-06-16T14:30:00Z",
  "localToDT": "2026-06-16T14:30:00Z",
  "localToDTzone": "Z"
}

toLocalDateTime drops -04:00, and coercing it back does not recover the offset. In this run, backAgain uses UTC. The original order was placed at 14:30 Eastern; the reconstructed value says 14:30 UTC, four hours earlier. Both are valid instants, so a successful coercion cannot tell you that information was lost. Keep the DateTime while the instant matters, and convert to LocalDateTime at the boundary where a consumer asks for wall-clock time.

Going from less information to more is refused when there is nothing to fill the gap with:

[ERROR] Cannot coerce Date (|2026-06-16|) to DateTime

4| { bad: |2026-06-16| as DateTime }

|2026-06-16| as LocalDateTime fails the same way. A Date has no time to promote, so you build midnight explicitly. The dw::core::Dates module used in the Periods section provides dateTime({…}) to assemble a value from parts. It also has atBeginningOfDay for an existing DateTime.

now() gives the current DateTime, and truncating it is how you get today:

Example 220 — Read the clock and select date components.

Companion source.

%dw 2.0
output application/json
---
{
  now:      now(),
  asDate:   now() as Date,
  asLocal:  now() as LocalDateTime,
  zone:     now().timezone,
  today:    now() as String {format: "yyyy-MM-dd"}
}

{
  "now": "2026-09-20T04:40:35.366910685Z",
  "asDate": "2026-09-20",
  "asLocal": "2026-09-20T04:40:35.366983083",
  "zone": "Z",
  "today": "2026-09-20"
}

The two printed timestamps have different nanoseconds because they came from separate now() calls; binding the result to a var lets several fields use the same instant. The zone is Z because the CLI’s container runs in UTC. A Mule runtime reports whatever zone its JVM was started in, so now() as Date can disagree with a calendar in another zone.

Shifting zones with >>

>> answers “what does this same instant read as in another zone?” It does not change the instant; it re-expresses it:

Example 221 — Shift an instant to another offset.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:00-04:00|
---
{
  original: placedAt,
  utc:      placedAt >> |+00:00|,
  la:       placedAt >> |-07:00|,
  laNamed:  placedAt >> "America/Los_Angeles",
  tokyo:    placedAt >> "Asia/Tokyo",
  sameInstant: (placedAt >> "Asia/Tokyo") == placedAt,
  dayInLa:  (placedAt >> "America/Los_Angeles").day
}

{
  "original": "2026-06-16T14:30:00-04:00",
  "utc": "2026-06-16T18:30:00Z",
  "la": "2026-06-16T11:30:00-07:00",
  "laNamed": "2026-06-16T11:30:00-07:00",
  "tokyo": "2026-06-17T03:30:00+09:00",
  "sameInstant": true,
  "dayInLa": 16
}

sameInstant confirms that every result names the same point on the timeline, even though Tokyo’s calendar has reached tomorrow. The right operand can be a TimeZone offset literal such as |-07:00|, or a named zone as a string, such as "America/Los_Angeles". A named zone does not use the pipe-literal syntax:

[ERROR] Invalid input 'A', expected anyDateExpression (line 5, column 20):

5| { la: placedAt >> |America/Los_Angeles| }
                      ^

The pipe literal only parses offsets. The difference between the two forms is more than syntax, and December shows it:

Example 222 — Compare a named zone with a fixed offset.

Companion source.

%dw 2.0
output application/json
var june     = |2026-06-16T18:30:00Z|
var december = |2026-12-16T18:30:00Z|
---
{
  juneNY:        june >> "America/New_York",
  decemberNY:    december >> "America/New_York",
  juneFixed:     june >> |-05:00|,
  decemberFixed: december >> |-05:00|,
  fallBack: [|2026-11-01T05:30:00Z|, |2026-11-01T06:30:00Z|] map ($ >> "America/New_York")
}

{
  "juneNY": "2026-06-16T14:30:00-04:00",
  "decemberNY": "2026-12-16T13:30:00-05:00",
  "juneFixed": "2026-06-16T13:30:00-05:00",
  "decemberFixed": "2026-12-16T13:30:00-05:00",
  "fallBack": [
    "2026-11-01T01:30:00-04:00",
    "2026-11-01T01:30:00-05:00"
  ]
}

The named zone knows about daylight saving — New York is -04:00 in June and -05:00 in December. The fixed offset gets June wrong by an hour. The fallBack pair is the same wall-clock time, 01:30, one hour apart on the timeline, which is what the end of daylight saving does. So to answer “was it placed yesterday?”, shift the instant into the customer’s named zone and then derive the full local calendar date, including its year and month. Comparing raw offsets puts you off by an hour at exactly the boundary that matters.

[image: On 1 November 2026, shifting 05:30 UTC and 06:30 UTC into America/New_York gives 01:30 twice. The first carries offset minus four and the second offset minus five. The UTC instants remain one hour apart; dropping the offset would hide that distinction.]

Comparison and sorting work on the instant, not the text:

{
  "aEqualsB": true,
  "aEqualsC": true,
  "aBeforeC": false
}

Those comparisons use |2026-06-16T14:30:00-04:00|, |2026-06-16T18:30:00Z| and |2026-06-17T03:30:00+09:00|. They are three spellings of one instant, and == agrees. An orderBy on DateTime values sorts by instant too.

Display a named zone

The shifted value can print a zone identifier or its short name:

Example 223 — Format an instant and its zone.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:00-04:00|
---
{
  dayName:    placedAt as String {format: "EEEE, d MMMM yyyy"},
  twelveHour: placedAt as String {format: "h:mm a"},
  offset:     placedAt as String {format: "yyyy-MM-dd'T'HH:mm:ssXXX"},
  zoneId:     (placedAt >> "America/New_York") as String {format: "HH:mm VV"},
  zoneName:   (placedAt >> "America/New_York") as String {format: "HH:mm zzz"},
  epochLike:  placedAt as String {format: "yyyyMMddHHmmss"}
}

{
  "dayName": "Tuesday, 16 June 2026",
  "twelveHour": "2:30 PM",
  "offset": "2026-06-16T14:30:00-04:00",
  "zoneId": "14:30 America/New_York",
  "zoneName": "14:30 EDT",
  "epochLike": "20260616143000"
}

Literal text inside a pattern goes in single quotes ('T'); XXX prints the offset in -04:00 form. VV is the zone id and zzz the zone’s short name. Those names exist only once the value has been shifted into a named zone.

Epoch numbers

Feeds that send seconds since 1970 coerce with no schema; milliseconds need to say so:

Example 224 — Convert epoch seconds and milliseconds.

Companion source.

%dw 2.0
output application/json
---
{
  fromSeconds:  1781555400 as DateTime,
  fromMillis:   1781555400000 as DateTime {unit: "milliseconds"},
  toNumber:     |2026-06-16T14:30:00-04:00| as Number,
  toMillis:     |2026-06-16T14:30:00-04:00| as Number {unit: "milliseconds"},
  millisWrong:  1781555400000 as DateTime
}

{
  "fromSeconds": "2026-06-15T20:30:00Z",
  "fromMillis": "2026-06-15T20:30:00Z",
  "toNumber": 1781634600,
  "toMillis": 1781634600000,
  "millisWrong": "+58425-03-30T04:00:00Z"
}

The last line reads milliseconds as seconds and produces the year 58425 without an error. A value a thousand times too big lands fifty-six millennia away instead of failing to parse. Establish the feed’s unit and sanity-check the year on the way in.

Moving values with Periods

Date arithmetic uses Periods — the runtime carries across month and year boundaries:

Example 225 — Add and subtract calendar periods.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:00-04:00|
---
{
  shipBy:     placedAt + |P2D|,
  returnBy:   placedAt + |P30D|,
  lastMonth:  placedAt - |P1M|,
  sixHours:   placedAt + |PT6H|,
  monthEnd:   |2026-01-31| + |P1M|,
  leapDay:    |2024-02-29| + |P1Y|,
  dateMinusDate: |2026-06-18| - |2026-06-16|,
  dtMinusDt:  |2026-06-18T15:30:00Z| - |2026-06-16T09:00:00Z|
}

{
  "shipBy": "2026-06-18T14:30:00-04:00",
  "returnBy": "2026-07-16T14:30:00-04:00",
  "lastMonth": "2026-05-16T14:30:00-04:00",
  "sixHours": "2026-06-16T20:30:00-04:00",
  "monthEnd": "2026-02-28",
  "leapDay": "2025-02-28",
  "dateMinusDate": "PT48H",
  "dtMinusDt": "PT54H30M"
}

monthEnd shows the carrying rule: adding a month to 31 January lands on February’s last day. Similarly, adding a year to a leap day lands on 28 February. Sensible — and not reversible:

{
  "jan31plus1M": "2026-02-28",
  "thenMinus1M": "2026-01-28",
  "jan31plus30D": "2026-03-02",
  "roundTrip30D": "2026-01-31"
}

Add a month and subtract it and 31 January has become 28 January. Days round-trip; months and years do not — a month is not a fixed number of days. If a billing cycle is “the same day next month”, store the anchor day separately rather than recomputing it from the previous cycle’s date.

Subtraction gives a Period, expressed in hours even for dates: |2026-06-18| - |2026-06-16| is PT48H, not P2D. That does not mean a Date can take a time-based Period:

[ERROR] Invalid temporal addition. Reason: Unsupported unit: Seconds

4| { bad: |2026-06-16| + |PT6H| }

A Date has no hours to add to. Promote it first (via dateTime({…})), or add the days and keep the hours for a DateTime.

For spans you do not want to hard-code, dw::core::Periods builds them from numbers, and between measures the gap:

Example 226 — Construct periods and calculate intervals.

Companion source.

%dw 2.0
import * from dw::core::Periods
output application/json
var placedAt  = |2026-06-16T09:00:00Z|
var shippedAt = |2026-06-18T15:30:00Z|
---
{
  window:      days(30),
  sixHours:    hours(6),
  turnaround:  between(shippedAt, placedAt),
  reversed:    between(placedAt, shippedAt),
  built:       period({ years: 1, months: 2, days: 10 }),
  duration:    duration({ hours: 6, minutes: 30 }),
  windowType:  typeOf(days(30)) as String
}

{
  "window": "P30D",
  "sixHours": "PT6H",
  "turnaround": "P2D",
  "reversed": "P-2D",
  "built": "P1Y2M10D",
  "duration": "PT6H30M",
  "windowType": "Period"
}

between(shippedAt, placedAt) takes the later value first and returns P2D; reversing the arguments returns P-2D. It drops the six and a half hours that subtraction retained in PT54H30M. The desired measure therefore determines the operation: - for this exact span, between for whole days.

The core function daysBetween needs no import and counts calendar days. daysBetween(|2026-06-16T23:00:00Z|, |2026-06-18T01:00:00Z|) returns 2, although only twenty-six hours separate the instants. A turnaround measured in elapsed hours and a report grouped by calendar day answer different questions.

dw::core::Dates assembles values and snaps them to boundaries — the start of a day, month or week:

Example 227 — Construct dates and find calendar boundaries.

Companion source.

%dw 2.0
import * from dw::core::Dates
output application/json
---
{
  built:        date({ year: 2026, month: 6, day: 16 }),
  builtDT:      dateTime({ year: 2026, month: 6, day: 16, hour: 14, minutes: 30, seconds: 0, timeZone: |-04:00| }),
  namedAsZone:  "America/New_York" as TimeZone,
  namedKind:    typeOf("America/New_York" as TimeZone) as String,
  startOfDay:   atBeginningOfDay(|2026-06-16T14:30:00-04:00|),
  startOfMonth: atBeginningOfMonth(|2026-06-16|),
  startOfWeek:  atBeginningOfWeek(|2026-06-16|)
}

{
  "built": "2026-06-16",
  "builtDT": "2026-06-16T14:30:00-04:00",
  "namedAsZone": "America/New_York",
  "namedKind": "TimeZone",
  "startOfDay": "2026-06-16T00:00:00-04:00",
  "startOfMonth": "2026-06-01",
  "startOfWeek": "2026-06-14"
}

atBeginningOfWeek starts weeks on Sunday, which is not ISO. A weekly report built on it that expects ISO weeks comes out a day off.

One thing did not work. "America/New_York" as TimeZone coerces (the type says TimeZone), but passing that value as dateTime()’s timeZone failed on this runtime with Cannot coerce String (2026-06-16T14:30:00America/New_York) to DateTime. It failed because the function assembles an ISO string, and a named zone is not valid there. Build with an offset, then shift into the named zone with >>.

Worked: normalising an EU order feed

A European feed sends day-first datetimes as strings, and the output should be ISO with a computed ship-by date:

[
  { "id": "A-1001", "placed": "14/06/2026 09:15" },
  { "id": "A-1013", "placed": "15/06/2026 22:40" }
]

A do variable lets both output fields reuse one parse. Because the parsed value remembers its input format, each output format must be explicit:

Example 228 — Calculate ship dates from a European feed.

Companion source.

Input payload — eu-orders.json:

[
  { "id": "A-1001", "placed": "14/06/2026 09:15" },
  { "id": "A-1013", "placed": "15/06/2026 22:40" }
]

%dw 2.0
output application/json
---
payload map (order) -> do {
  var placed = order.placed as LocalDateTime {format: "dd/MM/yyyy HH:mm"}
  ---
  {
    id:       order.id,
    placedAt: placed as String {format: "yyyy-MM-dd'T'HH:mm"},
    shipBy:   (placed + |P2D|) as String {format: "yyyy-MM-dd"}
  }
}

[
  {
    "id": "A-1001",
    "placedAt": "2026-06-14T09:15",
    "shipBy": "2026-06-16"
  },
  {
    "id": "A-1013",
    "placedAt": "2026-06-15T22:40",
    "shipBy": "2026-06-17"
  }
]

Parsing gives the arithmetic a temporal value, and the explicit output format gives the consumer the text it needs. Because this feed carries no offset, placed is a LocalDateTime; the output also describes local time without identifying an instant. For this June fixture from a supplier known to use Berlin local time, one promotion is dateTime({…, timeZone: |+02:00|}) from the components. Another is to concatenate the offset onto the string before parsing as DateTime. Either way, document the assumption where the offset is added. The fixed +02:00 offset is specific to the example date; it is not Berlin’s year-round offset.

Exercises

A mixed feed. Four orders carry four date shapes: an ISO datetime with an offset, a day-first string with a time, an epoch in seconds, and a US date. Write a function that turns each into the most precise temporal type its input supports, and print the type beside the value.

Show answer

Example 229 — Normalize a mixed date feed.

Companion source.

Input payload — mixed-feed.json:

[
  { "id": "A-1001", "placed": "2026-06-16T14:30:00-04:00" },
  { "id": "A-1013", "placed": "16/06/2026 09:15" },
  { "id": "A-1014", "placed": 1781555400 },
  { "id": "A-1015", "placed": "06/16/2026" }
]

%dw 2.0
output application/json
fun normalise(v) = v match {
  case n is Number -> n as DateTime
  case s is String -> if (s matches /\d{4}-\d{2}-\d{2}T.*/) s as DateTime
    else if (s matches /\d{2}\/\d{2}\/\d{4} \d{2}:\d{2}/) s as LocalDateTime {format: "dd/MM/yyyy HH:mm"}
    else s as Date {format: "MM/dd/yyyy"}
}
---
payload map { id: $.id, placedAt: normalise($.placed), kind: typeOf(normalise($.placed)) as String }

[
  {
    "id": "A-1001",
    "placedAt": "2026-06-16T14:30:00-04:00",
    "kind": "DateTime"
  },
  {
    "id": "A-1013",
    "placedAt": "16/06/2026 09:15",
    "kind": "LocalDateTime"
  },
  {
    "id": "A-1014",
    "placedAt": "2026-06-15T20:30:00Z",
    "kind": "DateTime"
  },
  {
    "id": "A-1015",
    "placedAt": "06/16/2026",
    "kind": "Date"
  }
]

Only two of the four are instants. The output also shows the format-memory behaviour: A-1013 and A-1015 are typed values printed in their input’s shape, and an as String {format: …} on each is what a consumer would need.


Yesterday, in Los Angeles. Three orders placed at 02:30Z, 14:30Z on 16 June and 05:30Z on 17 June. Group them by calendar day in UTC and in Los Angeles. Does the group key have to be a formatted string, or can a Date serve directly?

Show answer

Example 230 — Group timestamps by local date.

Companion source.

%dw 2.0
output application/json
var orders = [
  { id: "A-1001", placedAt: |2026-06-16T02:30:00Z| },
  { id: "A-1013", placedAt: |2026-06-16T14:30:00Z| },
  { id: "A-1014", placedAt: |2026-06-17T05:30:00Z| }
]
fun byDay(zone) = (orders groupBy (($.placedAt >> zone) as String {format: "yyyy-MM-dd"})) mapObject { ($$): $.id }
---
{
  utc: byDay("UTC"),
  la:  byDay("America/Los_Angeles")
}

{
  "utc": {
    "2026-06-16": [
      "A-1001",
      "A-1013"
    ],
    "2026-06-17": [
      "A-1014"
    ]
  },
  "la": {
    "2026-06-15": [
      "A-1001"
    ],
    "2026-06-16": [
      "A-1013",
      "A-1014"
    ]
  }
}

Two of the three orders change day. The formatted string gives groupBy a readable key, but a string is not required: grouping on the Date itself, groupBy (($.placedAt >> "UTC") as Date), runs and produces the same 2026-06-16 and 2026-06-17 keys. What does fail is a Date literal written as a dynamic key in an object, { (|2026-06-16|): "A-1001" }, which stops with Type 'Date' cannot be used as Key; chapter 10 showed that other values, such as numbers, can become keys.


Month-end arithmetic. Starting from 31 January 2026, add a month and subtract it; add thirty days and subtract them. Explain the two results.

Show answer

{
  "jan31plus1M": "2026-02-28",
  "thenMinus1M": "2026-01-28",
  "jan31plus30D": "2026-03-02",
  "roundTrip30D": "2026-01-31"
}

A month is a calendar unit, so adding one clamps to February’s last day. Subtracting one from that gives 28 January, three days short of where you started. Thirty days is a fixed span and round-trips exactly. Store the anchor day for anything monthly.


The feed, properly. From the string-valued feed, produce the order id, placed as an ISO date string, and the order total as a string with two decimals. Run it.

Show answer

Example 231 — Format a feed date and amount.

Companion source.

Input payload — order_from_feed.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "placed": "13/09/2026",
  "items": [
    { "sku": "PEN-01", "price": "2.50", "qty": "4" },
    { "sku": "PAD-22", "price": "6.00", "qty": "2" },
    { "sku": "CLP-08", "price": "1.00", "qty": "10" }
  ]
}

%dw 2.0
output application/json
---
{
  orderId: payload.orderId,
  placed: (payload.placed as Date {format: "dd/MM/yyyy"}) as String {format: "yyyy-MM-dd"},
  total: sum(payload.items map (($.price as Number) * ($.qty as Number))) as String {format: "0.00"}
}

{
  "orderId": "A-1001",
  "placed": "2026-09-13",
  "total": "32.00"
}

Both as expressions are parenthesised, and the date goes in with one layout and out with another. Drop the two as Number coercions and total still comes out right, because * coerces; the explicit version makes the intended numeric inputs visible. A later change to the arithmetic still needs a test of its own.


The zone-conversion examples preserve instants; calendar arithmetic follows calendar rules. A month is not a fixed number of days. Keep both kinds of fixture when a requirement mixes elapsed time with local dates.
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Build and Verify the Order Report


The shipping partner sends a namespaced XML batch. The warehouse needs a JSON report containing normalized orders, category revenue and a batch total. We will inspect the source, normalize it into ordinary objects, calculate the report, and check the result.

[image: The XML batch contains orders A-1001, A-1002 and A-1003 with three, one and two lines. Selectors preserve that structure, helpers normalize dates and numbers, and the final report contains order totals 32, 6 and 33. Category totals 53 and 18 reconcile to the same batch total 71. The diagram summarizes the recorded CLI fixture, not large-feed performance.]

The contract is deliberately specific: prices are USD; slash-separated dates are US month-first; an absent line collection means an empty order; an absent note should be omitted from the final receipt. The timestamp input contributes its calendar date. Different source contracts require explicit changes at normalization.

Example 232 — Inspect the batch shape.

Companion source.

Input payload — inspect-the-batch-shape-input.xml:

<?xml version="1.0" encoding="UTF-8"?>
<ord:orderBatch xmlns:ord="http://shipping.acme.com/orders" batchId="B-2026-06-20">
  <ord:order id="A-1001">
    <ord:placedAt>2026-06-14</ord:placedAt>
    <ord:customer tier="gold">Dana</ord:customer>
    <ord:note><![CDATA[Leave at <side door> & ring twice]]></ord:note>
    <ord:line>
      <ord:sku>PEN-01</ord:sku>
      <ord:category>stationery</ord:category>
      <ord:price currency="USD">2.50</ord:price>
      <ord:qty>4</ord:qty>
    </ord:line>
    <ord:line>
      <ord:sku>PAD-22</ord:sku>
      <ord:category>paper</ord:category>
      <ord:price currency="USD">6.00</ord:price>
      <ord:qty>2</ord:qty>
    </ord:line>
    <ord:line>
      <ord:sku>CLP-08</ord:sku>
      <ord:category>stationery</ord:category>
      <ord:price currency="USD">1.00</ord:price>
      <ord:qty>10</ord:qty>
    </ord:line>
  </ord:order>
  <ord:order id="A-1002">
    <ord:placedAt>06/16/2026</ord:placedAt>
    <ord:customer tier="standard">Ravi</ord:customer>
    <ord:line>
      <ord:sku>PAD-22</ord:sku>
      <ord:category>paper</ord:category>
      <ord:price currency="USD">6.00</ord:price>
      <ord:qty>1</ord:qty>
    </ord:line>
  </ord:order>
  <ord:order id="A-1003">
    <ord:placedAt>2026-06-18T09:30:00Z</ord:placedAt>
    <ord:customer tier="gold">Mei</ord:customer>
    <ord:line>
      <ord:sku>PEN-01</ord:sku>
      <ord:category>stationery</ord:category>
      <ord:price currency="USD">2.50</ord:price>
      <ord:qty>12</ord:qty>
    </ord:line>
    <ord:line>
      <ord:sku>CLP-08</ord:sku>
      <ord:category>stationery</ord:category>
      <ord:price currency="USD">1.00</ord:price>
      <ord:qty>3</ord:qty>
    </ord:line>
  </ord:order>
</ord:orderBatch>

%dw 2.0
ns ord http://shipping.acme.com/orders
output application/json
---
(payload.ord#orderBatch.*ord#order default []) map (order) -> {
  id: order.@id,
  skus: (order.*ord#line default []) map (line) -> line.ord#sku
}

Result:

[
  {
    "id": "A-1001",
    "skus": [
      "PEN-01",
      "PAD-22",
      "CLP-08"
    ]
  },
  {
    "id": "A-1002",
    "skus": [
      "PAD-22"
    ]
  },
  {
    "id": "A-1003",
    "skus": [
      "PEN-01",
      "CLP-08"
    ]
  }
]

The first result checks membership before any money or dates are converted. The batch has three orders with three, one and two lines. The one-line order remains an array, and the default gives an empty array when no line exists.

Compare these identifiers and SKUs directly with the XML fixture. A total can accidentally agree even after lines have been lost or duplicated; membership is an independent check.

Example 233 — The feed normalization and report module.

Companion source.

Module source; import it from the following scripts.

%dw 2.0
ns ord http://shipping.acme.com/orders
import fail from dw::Runtime
fun parseDate(s: String): Date =
  if (s matches /\d{4}-\d{2}-\d{2}T.*/) (s as DateTime) as Date
  else if (s matches /\d{4}-\d{2}-\d{2}/) s as Date {format: "yyyy-MM-dd"}
  else s as Date {format: "MM/dd/yyyy"}
fun normalizeLine(line) = {
  sku: line.ord#sku,
  category: line.ord#category,
  price: if (line.ord#price.@currency == "USD") line.ord#price as Number else fail("Expected USD price"),
  qty: line.ord#qty as Number
}
fun normalizeOrder(order) = {
  id: order.@id,
  placedAt: parseDate(order.ord#placedAt) as String {format: "yyyy-MM-dd"},
  customer: order.ord#customer,
  tier: order.ord#customer.@tier,
  note: order.ord#note,
  lines: (order.*ord#line default []) map (line) -> normalizeLine(line)
}
fun normalizeBatch(batch) = {
  batchId: batch.@batchId,
  orders: (batch.*ord#order default []) map (order) -> normalizeOrder(order)
}
fun lineTotal(line) = line.price * line.qty
fun receipt(order) = do {
  var lines = order.lines map (line) -> line ++ {lineTotal: lineTotal(line)}
  ---
  {
    id: order.id, placedAt: order.placedAt, customer: order.customer,
    (vip: true) if (order.tier == "gold"),
    (note: order.note) if (order.note != null),
    lines: lines,
    orderTotal: sum(lines map (line) -> line.lineTotal)
  }
}
fun report(batch) = do {
  var orders = batch.orders map (order) -> receipt(order)
  var lines = orders flatMap (order) -> order.lines
  var groups = lines groupBy (line) -> line.category
  ---
  {
    batchId: batch.batchId,
    orders: orders,
    revenueByCategory: groups mapObject (group, category) -> {(category): sum(group map (line) -> line.lineTotal)},
    batchTotal: sum(orders map (order) -> order.orderTotal)
  }
}

Save these declarations as orders/Feed.dwl under the module root. The numbered companion source is also supplied at that importable path. normalizeLine converts each price and quantity once. The price check enforces this report’s single-currency contract: every amount must be USD. It prevents a sum from quietly combining currencies.

normalizeOrder is the only function that needs to know the XML layout of an order. It returns ordinary fields and an array of ordinary line objects. The note may be null at this stage; the final receipt decides whether to include it. The date helper supports the three documented source layouts. It does not guess whether an ambiguous slash-separated date is day-first.

receipt calculates from that normalized object. report calculates from the receipts: the same computed line totals contribute to the order and category summaries. Its intermediate orders, lines and groups make each change of shape visible.

The module has no body and is not a standalone report. The following numbered scripts import it and exercise its functions.

Example 234 — Normalize the batch.

Companion source.

Use inspect-the-batch-shape-input.xml as payload, as above.

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch from orders::Feed
output application/json
---
normalizeBatch(payload.ord#orderBatch)

Result:

{
  "batchId": "B-2026-06-20",
  "orders": [
    {
      "id": "A-1001",
      "placedAt": "2026-06-14",
      "customer": "Dana",
      "tier": "gold",
      "note": "Leave at <side door> & ring twice",
      "lines": [
        {
          "sku": "PEN-01",
          "category": "stationery",
          "price": 2.5,
          "qty": 4
        },
        {
          "sku": "PAD-22",
          "category": "paper",
          "price": 6,
          "qty": 2
        },
        {
          "sku": "CLP-08",
          "category": "stationery",
          "price": 1,
          "qty": 10
        }
      ]
    },
    {
      "id": "A-1002",
      "placedAt": "2026-06-16",
      "customer": "Ravi",
      "tier": "standard",
      "note": null,
      "lines": [
        {
          "sku": "PAD-22",
          "category": "paper",
          "price": 6,
          "qty": 1
        }
      ]
    },
    {
      "id": "A-1003",
      "placedAt": "2026-06-18",
      "customer": "Mei",
      "tier": "gold",
      "note": null,
      "lines": [
        {
          "sku": "PEN-01",
          "category": "stationery",
          "price": 2.5,
          "qty": 12
        },
        {
          "sku": "CLP-08",
          "category": "stationery",
          "price": 1,
          "qty": 3
        }
      ]
    }
  ]
}

At this checkpoint, every line has numeric price and quantity fields. Each order has an ISO date string, a customer tier and a lines array. The source’s namespaces and attribute selectors have disappeared from the shape the calculations will receive.

Check the conversions before proceeding: the US date becomes 2026-06-16, the timestamp contributes its calendar date as specified by this report, and the optional note survives as text. These choices belong to the input contract. A report grouped by another timezone’s date would need a different temporal normalization rule.

Example 235 — Build the order report.

Companion source.

Use inspect-the-batch-shape-input.xml as payload, as above.

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch, report from orders::Feed
output application/json
---
report(normalizeBatch(payload.ord#orderBatch))

Result:

{
  "batchId": "B-2026-06-20",
  "orders": [
    {
      "id": "A-1001",
      "placedAt": "2026-06-14",
      "customer": "Dana",
      "vip": true,
      "note": "Leave at <side door> & ring twice",
      "lines": [
        {
          "sku": "PEN-01",
          "category": "stationery",
          "price": 2.5,
          "qty": 4,
          "lineTotal": 10
        },
        {
          "sku": "PAD-22",
          "category": "paper",
          "price": 6,
          "qty": 2,
          "lineTotal": 12
        },
        {
          "sku": "CLP-08",
          "category": "stationery",
          "price": 1,
          "qty": 10,
          "lineTotal": 10
        }
      ],
      "orderTotal": 32
    },
    {
      "id": "A-1002",
      "placedAt": "2026-06-16",
      "customer": "Ravi",
      "lines": [
        {
          "sku": "PAD-22",
          "category": "paper",
          "price": 6,
          "qty": 1,
          "lineTotal": 6
        }
      ],
      "orderTotal": 6
    },
    {
      "id": "A-1003",
      "placedAt": "2026-06-18",
      "customer": "Mei",
      "vip": true,
      "lines": [
        {
          "sku": "PEN-01",
          "category": "stationery",
          "price": 2.5,
          "qty": 12,
          "lineTotal": 30
        },
        {
          "sku": "CLP-08",
          "category": "stationery",
          "price": 1,
          "qty": 3,
          "lineTotal": 3
        }
      ],
      "orderTotal": 33
    }
  ],
  "revenueByCategory": {
    "stationery": 53,
    "paper": 18
  },
  "batchTotal": 71
}

The order totals are 32, 6 and 33. Add those independently and the batch total is 71. Stationery contributes 10 + 10 + 30 + 3 = 53; paper contributes 12 + 6 = 18. The category total, 53 + 18, also gives 71.

Dana and Mei receive the optional vip field because their tiers are gold. Only Dana receives note, because the other normalized notes are null. These are conditional fields, not a global instruction to strip every null.

The output is now a combination of results we have already inspected. The script’s short body is useful because the named module functions carry understandable responsibilities, not because fewer lines are inherently better.

Example 236 — Report an order with no lines.

Companion source.

Input payload — report-an-order-with-no-lines-input.xml:

<ord:orderBatch xmlns:ord="http://shipping.acme.com/orders" batchId="B-EMPTY">
  <ord:order id="A-1004"><ord:placedAt>2026-06-19</ord:placedAt><ord:customer tier="standard">Tomas</ord:customer></ord:order>
</ord:orderBatch>

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch, report from orders::Feed
output application/json
---
report(normalizeBatch(payload.ord#orderBatch))

Result:

{
  "batchId": "B-EMPTY",
  "orders": [
    {
      "id": "A-1004",
      "placedAt": "2026-06-19",
      "customer": "Tomas",
      "lines": [
        
      ],
      "orderTotal": 0
    }
  ],
  "revenueByCategory": {
    
  },
  "batchTotal": 0
}

The cancelled order remains in the report with an empty lines array and an order total of zero. Its batch has no categories and a batch total of zero. This is the same missing-collection policy introduced in Example 42 — Order totals, applied at the XML boundary before any mapping or aggregation.

This case is part of the finished transform. It is not a repair left for the reader after the ordinary report has been presented as complete.

Example 237 — Verify report reconciliation.

Companion source.

Use inspect-the-batch-shape-input.xml as payload, as above.

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch, report from orders::Feed
import fail from dw::Runtime
output application/json
var result = report(normalizeBatch(payload.ord#orderBatch))
var orderSum = sum(result.orders map (order) -> order.orderTotal)
var categorySum = sum(result.revenueByCategory pluck (amount) -> amount)
---
if (result.batchTotal == 71 and orderSum == 71 and categorySum == 71 and sizeOf(result.orders) == 3)
  { passed: true, batchTotal: result.batchTotal }
else fail("Report totals or order count changed")

Result:

{
  "passed": true,
  "batchTotal": 71
}

The expected total 71 comes from the fixture calculation above. Merely comparing three computed totals with one another would allow all three to agree on the same wrong answer. This test also checks the order count. Keep the detailed golden report to check the identities, dates, notes and category names that these aggregate assertions cannot establish.

Try it

Add a fourth order with no lines to the ordinary batch. Predict the order count, category totals and batch total. Then change one price currency to EUR and predict whether the report succeeds.

Show answer

The count becomes four while the monetary totals stay 53, 18 and 71. The EUR price fails normalization under the stated USD-only contract. Supporting multiple currencies requires a new output contract, such as totals grouped by currency; silently summing them would not be a valid extension.


Exercises

Revenue by tier. Starting from the normalized orders, group receipts by tier and return the order count and revenue for each tier. Keep grouping separate from mapping the groups.

Show answer

Example 238 — Revenue by customer tier.

Companion source.

Use inspect-the-batch-shape-input.xml as payload, as above.

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch, receipt from orders::Feed
output application/json
var orders = normalizeBatch(payload.ord#orderBatch).orders
var tiers = orders groupBy (order) -> order.tier
---
tiers mapObject (orders, tier) -> {
  (tier): { orders: sizeOf(orders), revenue: sum(orders map (order) -> receipt(order).orderTotal) }
}

Result:

{
  "gold": {
    "orders": 2,
    "revenue": 65
  },
  "standard": {
    "orders": 1,
    "revenue": 6
  }
}

Gold contains Dana and Mei: 32 + 33 = 65. Standard contains one order worth 6. Naming tiers also prevents the next operation from becoming part of the grouping callback.


The same report as XML. Return a report root containing one order element for each receipt, with identifier and date attributes and the total as text.

Show answer

Example 239 — Write report totals as XML.

Companion source.

Use inspect-the-batch-shape-input.xml as payload, as above.

%dw 2.0
ns ord http://shipping.acme.com/orders
import normalizeBatch, report from orders::Feed
output application/xml
var result = report(normalizeBatch(payload.ord#orderBatch))
---
report: {
  (result.orders map (order) -> {
    order @(id: order.id, placedAt: order.placedAt): order.orderTotal
  })
}

Result:

<?xml version='1.0' encoding='UTF-8'?>
<report>
  <order id="A-1001" placedAt="2026-06-14">32</order>
  <order id="A-1002" placedAt="2026-06-16">6</order>
  <order id="A-1003" placedAt="2026-06-18">33</order>
</report>

The parentheses splice the array of single-field objects into the root object. The XML writer sees repeated order keys and emits sibling elements, as in chapter 19. Both representations use the same normalized dates and calculated totals.


The report has separate places to investigate source shape, conversion and calculation. Its small fixture establishes correctness for those cases. It does not establish how much memory a large batch requires; that is the next investigation.







Chapter

24

Understand the Cost of a Transformation


The report works on a small batch. To reason about a larger input, look at the state each operation must retain. The following experiment uses a separate generated JSON dataset and the recorded resource limits; it is not a benchmark of the XML report.

[image: Both scripts read 400,000 generated orders with streaming enabled and a 64 MiB native heap limit inside a 512 MiB container. Counting completes with result 400000. Sorting before selecting three orders exhausts the heap and produces no result document. These are recorded CLI outcomes, not universal memory bounds or a throughput comparison.]

A count and a sort read the same file of 400,000 orders. The count returns 400000 under a 64 MiB heap limit. The sort fails with OutOfMemoryError under that same limit, even though its output asks for only three orders. Both scripts have streaming=true on their input. The setting is identical — what each expression needs to remember is not.

When a partner’s nightly export outgrows the sample file, the useful question is how much state must survive as the next order arrives. Counting can keep a number. Sorting must compare orders that may be anywhere in the input. Asking the writer for three results does not remove the work needed to discover which three come first.

The measurements in this chapter come from the book’s lab on DataWeave CLI 2.12.0, language runtime 2.12.2, using its Linux native executable in Docker. Each run saved its script, generated input, exit code and output. These are CLI measurements, not a Mule flow benchmark.

The numbered companion scripts use the five-order fixture for a quick functional check. The 400,000-order results and resource limits below are retained measurements from the original lab; running the small fixture does not reproduce those measurements.

Three places where memory can accumulate

An input file, an expression and a serialized result are different things. A reader turns bytes into values the expression can inspect. The expression computes new values. A writer encodes those values into bytes. Each stage can retain data, and each can postpone work until something asks for it.

For a line-by-line report, the expression might need only the current order. That does not establish how the input reached it or whether the output destination buffers the entire report. A connector can supply an already materialized value. A later operation can turn a manageable sequence into one enormous string. A consumer that wants the whole response before proceeding can erase the advantage of incremental production.

It is tempting to say that a reader without streaming always loads the entire document into heap. That is too strong. DataWeave also documents indexed readers for JSON, XML and CSV — an index and temporary disk storage allow access without retaining the whole document in memory, at the cost of disk activity and indexing work. Streaming reads move forward through the input’s records instead. These are distinct reader strategies, not interchangeable names for using less heap.

A modest heap graph does not reveal which reader strategy ran. The process might be streaming, using an index on disk, reading a small input, or evaluating only the part of the document a selector requested. Checking disk use and the actual result alongside memory helps distinguish those cases before attributing the behavior to one setting.

The directive uses equals signs

Here is the projection used in the small-input probe. It keeps three fields from each order:

Example 240 — Map a streamed five-order input.

Companion source.

Input payload — orders_five.json:

[
  {
    "orderId": "A-1001",
    "customer": "Dana",
    "items": [
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 1
      },
      {
        "sku": "PAD-22",
        "price": 6.0,
        "qty": 1
      }
    ],
    "total": 8.5
  },
  {
    "orderId": "A-1002",
    "customer": "Ravi",
    "items": [
      {
        "sku": "PAD-22",
        "price": 6.0,
        "qty": 2
      },
      {
        "sku": "CLP-08",
        "price": 1.0,
        "qty": 1
      }
    ],
    "total": 13.0
  },
  {
    "orderId": "A-1003",
    "customer": "Mei",
    "items": [
      {
        "sku": "CLP-08",
        "price": 1.0,
        "qty": 3
      },
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 1
      }
    ],
    "total": 5.5
  },
  {
    "orderId": "A-1004",
    "customer": "Tomas",
    "items": [
      {
        "sku": "PEN-01",
        "price": 2.5,
        "qty": 4
      },
      {
        "sku": "PAD-22",
        "price": 6.0,
        "qty": 1
      }
    ],
    "total": 16.0
  },
  {
    "orderId": "A-1005",
    "customer": "Dana",
    "items": [
      {
        "sku": "PAD-22",
        "price": 6.0,
        "qty": 5
      },
      {
        "sku": "CLP-08",
        "price": 1.0,
        "qty": 1
      }
    ],
    "total": 31.0
  }
]

%dw 2.0
input payload application/json streaming=true
output application/json
---
payload map (order) -> {
  id: order.orderId,
  buyer: order.customer,
  total: order.total
}

The five-order fixture holds the first five records the generator described below writes. Those orders reuse the book’s ID format, but their customers and totals are generated, so this A-1001 is not Dana’s three-line order totalling 32 from earlier chapters. The fixture produces:

[
  {
    "id": "A-1001",
    "buyer": "Dana",
    "total": 8.5
  },
  {
    "id": "A-1002",
    "buyer": "Ravi",
    "total": 13
  },
  {
    "id": "A-1003",
    "buyer": "Mei",
    "total": 5.5
  },
  {
    "id": "A-1004",
    "buyer": "Tomas",
    "total": 16
  },
  {
    "id": "A-1005",
    "buyer": "Dana",
    "total": 31
  }
]

streaming=true is a property on the input directive. Braces do not belong there, although the brace spelling looks natural to anyone who has passed options to read(). It fails to parse:

Example 241 — Reject object syntax in reader directives.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json { streaming: true }
output application/json { deferred: true }
---
payload map (order) -> {
  id: order.orderId,
  buyer: order.customer,
  total: order.total
}

[ERROR] Error while executing the script:
[ERROR] Invalid input '{', expected options (line 2, column 32):


2| input payload application/json { streaming: true }
                                  ^
Location:
241-brace-syntax-fails (line: 2, column:32)

The same mistake on an output directive fails too. The parser error is useful: it says the script never reached the stage at which it could choose a reader. Changing memory limits cannot repair a script that does not parse.

There is an object-shaped property syntax elsewhere, which helps explain the confusion. Chapter 18 passed reader options as the third argument to read. That argument is a DataWeave object:

Example 242 — Pass streaming options to read.

Companion source.

%dw 2.0
output application/json
var text = '[{"orderId":"A-1001","total":8.5},{"orderId":"A-1002","total":13}]'
---
read(text, "application/json", { streaming: true }) map $.orderId

[
  "A-1001",
  "A-1002"
]

These forms occupy different grammatical positions. A directive takes options such as streaming=true; a function argument can be { streaming: true }. The second example also starts with an existing string. It demonstrates the option syntax, not a low-memory path from a multi-gigabyte source: the string has already been constructed before read receives it.

A reader’s streaming unit depends on the format. JSON commonly offers array elements; CSV offers records. XML needs a collection boundary, which the documented collectionPath property supplies. You have to place the reader configuration where bytes enter the flow. Putting it on one transform does not demonstrate that an earlier connector avoided buffering; the complete Mule path needs its own measurement. Streaming configuration

A writer that returns no bytes

The documented directive for deferred JSON output is:

Syntax fragment.

output application/json deferred=true

In a Mule flow, the point is to let a later processor consume the output stream. It also changes where failures surface: work deferred until consumption can fail after control has left the Transform Message component. That matters when deciding which error handler can observe a conversion failure. A separate Mule 4.12.3 / Java 17 probe consumed deferred JSON through an HTTP Listener response on 13 September 2026. Two input orders produced the two expected projected objects, with HTTP 200 and chunked transfer encoding. This verifies consumption for that small flow; the late-error behavior remains documentation-based. Deferred output

The CLI result is more immediate. Adding deferred=true to the five-order projection produced empty stdout with exit code 0. Sending the result to a file also left a zero-byte file. The option parsed successfully, but no JSON document reached the destination. This is not an empty JSON array: [] is a document containing two bytes. It is no document at all.

So the measurements below use ordinary JSON output. A comparison can cover only the complete CLI paths that actually ran, and an empty file is no evidence that deferred writing is fast. The distinction is easy to lose when a benchmark records only elapsed time and whether the process exited successfully.

A reproducible check needs an expected result as well as an exit code. Compare a projection’s record count and selected values, or an aggregate’s value. With deferred output, also confirm that the consumer consumed the stream. These checks distinguish a completed report from a process that reported success without delivering one.

The large input and the limits

The generator creates a top-level array of 400,000 orders, totaling 54,920,574 bytes. Customer names cycle through Dana, Ravi, Mei and Tomas. Each order has two items and a numeric total; order IDs increase from A-1001, reusing the book’s ID format for generated orders rather than the running example’s. The inputs are deterministic, so a second run can compare the same records rather than a freshly randomized workload.

The constrained runs use a 512 MiB container limit and pass -Xmx64m to the native executable. Those limits describe different budgets. The native image heap is only part of the container’s memory. Native allocations, runtime bookkeeping and filesystem caching can contribute outside that heap.

The harness also saves cgroup memory.peak: peak container memory accounting, which can include page cache. It is not a precise measurement of the DataWeave heap or a process’s resident set alone. Treating it as either would make the table look more specific than the instrument permits.

Here are selected saved results from the constrained runs. Each row is from the second run except the three-reference row: that script ran only in the first, and a two-reference variant in the second run also exhausted the heap.














































	Expression	Result with 64 MiB heap	Output
	payload[0].orderId	Completed	A-1001
	sizeOf(payload)	Completed	400000
	Seeded reduce of order totals	Completed	6333312
	orderBy followed by selection of three results	Heap exhausted	No result document
	payload[-1].orderId	Heap exhausted	No result document
	groupBy $.customer, then a count per group	Heap exhausted	No result document
	Three separate references to payload	Heap exhausted	No result document


The table describes these expressions on this executable and this fixture. It does not establish a general memory bound for every use of a selector, a fold or a reader. In particular, the fixture has small records. An incremental algorithm that retains one record can still struggle if one record contains an enormous string or a nested collection.

Counting consumes input without necessarily retaining it

The count script is deliberately small:

Example 243 — Count a streamed input.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json streaming=true
output application/json
---
{ n: sizeOf(payload) }

Result on the five-order companion fixture:

{
  "n": 5
}

Its saved result was:

limit=512m xmx=64m exit=0
elapsed_s=12.9
peak_bytes=98582528
out_bytes=17
out_head={ "n": 400000}

A count has to reach the end of the input before it knows the final answer. That is a latency requirement, not proof that it must keep every preceding order. An implementation can advance a counter as it consumes records. The measurement does not expose DataWeave’s internal algorithm, but it does disprove the blanket claim that this expression necessarily holds the whole collection in heap.

The version without the streaming input directive also completed under the same heap limit. In the saved second run it took 40.7 seconds and reported 99,115,008 peak container bytes. The streaming version’s 12.9 seconds is one paired observation. In the first run the order was reversed: 5.9 seconds with the streaming directive and 5.6 without, at almost identical peaks of 93,765,632 and 93,675,520 bytes. Two paired runs that point in opposite directions are not a speedup estimate either way. Storage state, container startup, indexing and previous reads can affect the comparison. The important reproducible question here is whether both versions return the correct count within the specified budget.

The reversed timing order leaves no consistent multiplier to report. Estimating performance requires repeated runs, the same destination, a stated warm-up policy and enough samples to describe variation. The saved times remain useful observations, not a throughput guarantee, while the successful counts establish completion within the tested budget.

A fold is as small as its accumulator

The total uses the seeded fold from chapter 13:

Example 244 — Count with a streamed fold.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json streaming=true
output application/json
---
{ revenue: payload reduce ((order, acc = 0) -> acc + order.total) }

Result on the five-order companion fixture:

{
  "revenue": 74
}

The constrained run returned:

limit=512m xmx=64m exit=0
elapsed_s=51.4
peak_bytes=94220288
out_bytes=24
out_head={ "revenue": 6333312}

The seed makes an empty input produce zero, and the accumulator retains a numeric total. The fold still visits every order. Its advantage is the state carried between visits, not skipping work.

A reduce that appends each order to an accumulating array has a different memory obligation. It retains an ever-growing result even though its traversal is forward-only. The function name does not decide whether the algorithm has bounded state. Inspect the accumulator and ask what it contains after the first record, after the thousandth, and after the last.

For grouped totals, the retained state depends on what each group holds. The table’s groupBy expression collects complete orders before counting them. Keeping one count per customer would retain less data, but that map would still grow with the number of distinct customers. With a unique customer ID on every order, it would grow with the input. Include distinct-key counts when estimating memory for a lookup.

Sorting before slicing still needs the sort

The report asks for the three largest orders:

Example 245 — Sort a streamed input.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json streaming=true
output application/json
---
(payload orderBy -$.total)[0 to 2] map { id: $.orderId, total: $.total }

Result on the five-order companion fixture:

[
  {
    "id": "A-1005",
    "total": 31
  },
  {
    "id": "A-1004",
    "total": 16
  },
  {
    "id": "A-1002",
    "total": 13
  }
]

Under the constrained heap it failed before producing a result:

Exception in thread "main" java.lang.OutOfMemoryError: Garbage-collected heap size exceeded.
limit=512m xmx=64m exit=1
elapsed_s=2.0
out_bytes=0

The error line above is shortened; the full message goes on to suggest raising the maximum heap with -Xmx. orderBy must establish an order across the input before [0 to 2] can select the first three. The slice limits the output of sorting. It does not instruct orderBy to maintain only three candidates.

The failure shows that this expression exceeded this heap limit. It does not establish that every sorting implementation must keep all records in RAM: external sorting can use disk, and a dedicated top-k algorithm can retain a bounded candidate set. Neither alternative is what this script requested. If the upstream database can answer the ranking query, ask it to do so. If the transformation must own the ranking, choose and test an algorithm with the intended memory bound.

Grouping needs similar care. The table’s groupBy $.customer expression retains groups of orders and only then reduces each group to a count, and it exhausted the heap. Four customer names do not make those groups small: the arrays still contain 400,000 orders in total. A small final JSON object can hide a large intermediate value.

Access patterns matter more than their spelling

Selecting the first order completed under the small heap, returning A-1001. Selecting the last order exhausted it in the saved run. Both use an index selector, so if you treat all indexing as the same operation, you miss the useful difference.

The first element is available when the reader reaches it. The last cannot be identified until the reader knows where the sequence ends. That distinction explains why the expressions ask for different amounts of work; the measured memory outcome still belongs to this implementation. Do not infer from one failure that retaining the entire sequence is the only possible way to find its last element.

The multi-reference example requests the first ID, the total count, and a short projection from the same payload:

Example 246 — Read a streamed input more than once.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json streaming=true
output application/json
---
{ first: payload[0].orderId, n: sizeOf(payload), ids: (payload map $.orderId)[0 to 2] }

Result on the five-order companion fixture:

{
  "first": "A-1001",
  "n": 5,
  "ids": [
    "A-1001",
    "A-1002",
    "A-1003"
  ]
}

It works on the small fixture but exhausts the constrained heap on the large one. The small run is useful for checking the output shape; it does not exercise the resource limit. References that look independent in the expression may require the runtime to retain or revisit data. Test the actual combination, not only each operation by itself.

When a report needs both detail rows and a total, decide where each result will be consumed. A single output object containing the entire detail array is a different delivery contract from a stream of rows followed by a separate summary. The consumer’s format can determine whether an otherwise incremental computation has to wait or buffer.

What the annotation establishes

One more probe runs a function whose parameter carries @StreamCapable:

Example 247 — Declare a stream-capable parameter.

Companion source.

Use orders_five.json as payload, as above.

%dw 2.0
input payload application/json streaming=true
output application/json
fun summarise(@StreamCapable orders) =
  orders map (o) -> { id: o.orderId, total: o.total }
---
summarise(payload)

Result on the five-order companion fixture:

[
  {
    "id": "A-1001",
    "total": 8.5
  },
  {
    "id": "A-1002",
    "total": 13
  },
  {
    "id": "A-1003",
    "total": 5.5
  },
  {
    "id": "A-1004",
    "total": 16
  },
  {
    "id": "A-1005",
    "total": 31
  }
]

Both the bare annotation and the @StreamCapable() spelling parsed in the saved probes. In the saved second run against the 400,000-order file, the bare-annotation version completed under the 64 MiB heap and wrote 18,939,623 bytes. That demonstrates accepted syntax and the result of this particular function. It does not demonstrate that annotating any function will catch every hidden allocation or transform it into a streaming implementation.

MuleSoft documents a separate experimental validation pattern using @StreamCapable() on an input directive. It checks access restrictions, including repeated references and negative indexing. Those validation checks are not a profiler. A result can satisfy an access rule and still be expensive because of the size of a record or the state retained by a later operation. Conversely, a validator may reject a pattern whose particular fixture happens to work. The input-directive validation behavior was not exercised by the parameter-annotation probes in this chapter. Stream validation

Use the annotation for the contract the tooling actually checks, and a large, representative input to establish resource behavior. Neither substitutes for the other.

Exercises

1. A successful empty file. The deferred transform exits successfully, but its output file is empty. Has the performance test passed?

Show answer

No. Exit code zero is insufficient evidence. The fixture should produce five projected orders, and a zero-byte file contains no JSON document. Verify a consumer actually consumed the result and compare the output before timing it. For this pinned CLI, use ordinary output for a working projection and keep the small Mule consumption test separate from unmeasured performance and error behavior.


2. Three results, whole sort. Why does selecting three entries after orderBy still fail with a small heap?

Show answer

The slice applies to the sorted result. The script first asks orderBy to establish the ordering across all orders. Limiting the number of emitted records does not bound that intermediate operation. An upstream ranking query or a separately implemented and verified top-k algorithm changes the computation; moving a slice after the existing sort does not.


3. One fold is not every fold. A count succeeds under the small heap. Can you now promise that every reduce is safe on a large file?

Show answer

No. Inspect the accumulator. A numeric count retains a number; an array accumulator that appends every input retains the collection. A map of customer counts grows with the number of distinct customers. The useful bound is the retained state, including any unusually large record, rather than the name of the higher-order function.


Final thoughts

The count, fold and sort all read the same orders. Their resource requirements differ because their intermediate results differ. A memory investigation becomes productive when you identify what must survive the next record and then measure the path from source bytes to a consumed, checked result. A property accepted by the parser is the start of that work. The output and the failure case tell you whether it succeeded.

A checked result, the actual input and the complete consumption path belong in a performance experiment. Keep those alongside the measurement so that a successful process with no delivered document cannot be mistaken for a faster transformation.







Appendix

A

Runner and CLI Reference


Use this reference when a lesson needs another input binding, a module path or a command-line run. The default route through the book is the companion Runner, with examples listed in their numbered reading order.

Four ways to run an example

Anypoint Code Builder. The environment MuleSoft from the Ground Up uses. DataWeave lives inside a Mule project there, with a preview beside the editor, which makes it the right choice when the transformation is part of an application you are actually building — when payload arrives from a listener and the result goes to a connector. It needs an Anypoint account, and it brings a whole runtime with it. For a language exercise that is a great deal of machinery around four lines of script.

MuleSoft’s hosted playground. A browser tab at dataweave.mulesoft.com, with no account and nothing to install: an input pane, a script pane, a result pane, and a tutorial. It is convenient for a quick language experiment. Comparing that experiment with a printed example requires two things the playground does not provide: this book’s pinned engine release and its saved expected output.

The companion’s DataWeave Runner. Three panes on your own machine, backed by this book’s pinned engine release. It loads the supplied examples and compares your result with the saved output, keeping the script, input and comparison together while you experiment.

The command line. dw.sh in the companion, which is what the Runner drives underneath. Reach for it when you want a run inside a script, a diff in a pipeline, or the exact invocation written down. The chapters quote this form because it names every binding explicitly.

How the Runner compares with the hosted playground

Use the Runner when reproducing this edition’s saved results. The supplied examples and engine pin make that comparison possible.

It does not say which engine it runs. The page reports the language version, 2.0, which has not changed in years. The release behind it is not published. So when your result differs from a printed one, you cannot tell whether you made a mistake or met a version gap — and DataWeave releases do change behaviour at the edges, which is why this book pins one. The Runner names its release in the footer of the window, and it is the release these pages were written against.

It cannot check your answer. It has no idea what this book prints. The Runner does, because the saved outputs sit beside the scripts in the companion, so it can compare and tell you.

There is a third difference, less about correctness than about what you can safely put in. The hosted playground is a service: you accept its terms on first use, those terms ask you to confirm you have authority to accept on your employer’s behalf and not to submit personal, health or otherwise regulated data, and they permit MuleSoft to store, monitor, track or inspect what the tool can see. Reasonable terms for a free public sandbox. A poor fit for the order and customer payloads you are likely to be working on. The Runner has no service account and uses the local pinned engine: what you paste into it stays on your machine.

Getting the Runner running

You need Docker. Nothing else.

git clone https://github.com/book-companion/dataweave-orders.git
cd dataweave-orders
make runner

That builds an image holding the engine and the Runner together, then serves it at http://127.0.0.1:4444. The build is the slow part and happens once; afterwards the same command starts in a few seconds. Stop it with ctrl-c.

The port is published to your loopback address only, so the Runner is reachable from your own browser and from nowhere else. Your clone is mounted read-only, which is how the Runner finds the book’s scripts and fixtures without being able to change them.

A tour of the window

[image: The DataWeave Runner window with six numbered markers. One marks the Open menu in the top bar; two marks the Run button beside it; three marks the Input pane on the left, holding a named input and the contents of the file bound to it; four marks the Script pane in the middle; five marks the Result pane on the right; six marks the band beneath the result, headed Against the book. A footer names the engine release.]

1 — The Open menu. The numbered runnable examples, grouped by chapter in reading order. Module listings and Mule-only probes are identified on the page instead of appearing as standalone CLI scripts. Choosing one loads three things at once: the script, the fixture it reads, and the module path its imports resolve from.

2 — Run. Or ⌘↵. The engine reads the bound inputs and returns its output; the displayed duration depends on the script and your machine.

3 — Input. Each binding has a card whose name is the name the script reads. Its switch selects the source: a book fixture, a file of your own, or text you type. The card displays the contents so you can inspect the input beside the expression using it. The next section explains these sources in detail.

4 — Script. The .dwl file, editable. The header names the file that loaded, and carries the switch that decides whether import … from orders::Feed resolves from that chapter’s folder.

5 — Result. What the engine wrote, with the exit status and how long it took beside it. A failing script prints its error here in full, with the line and column — that is the part worth reading slowly, and several chapters are built around exactly these messages.

6 — Against the book. The band that appears after running a chapter example. It compares your result with the output printed in this book, exit code included, and says Matches or Differs — and when they differ, it shows the printed version underneath.

Under all of it, a footer names the engine: the image, and the language runtime that engine reports. That line is the reason a comparison means anything.

Checking an exercise

Load the exercise, write your version over the script that came with it, and run it. The band tells you whether you arrived where the book did.

An answer that produces the same output text and exit status will match. The comparison removes CLI noise and trailing whitespace; it does not parse JSON to compare values. Field order and a trailing decimal digit can therefore produce a difference. A subtly different result will not, and then the two outputs sit one above the other and the difference is usually obvious.

Three kinds of difference are expected and are not your mistake. A script calling now() or uuid produces a new value every run. And a type error against a JSON value prints the Java object’s identity hash, which changes each time: JsonString@492fea76 against some other number. Everything either side of those still agrees.

Running your own transformations

[image: The Runner’s input pane. An input card named payload offers three sources — Book, File and Inline — with Book selected. A dropdown beneath it selects a file under book, read-the-order-header-input.json, and its contents are shown under that. A line below the pane reads: read in the script by name, payload; Mule’s vars and attributes do not exist outside a flow.]

Choose Start from scratch and you have an empty script and one input. The Runner is not only a reader for this book.

An input is a name. The name on the card is the name available to the script. payload is the conventional main input, but a card named feed is read as feed. In a Mule flow you might use vars.feed; here, inputs are bound directly. The standalone script has no flow supplying vars or attributes.

Each input comes from one of three places, and the switch on the card says which.

Book. A dropdown of every fixture in the companion — every order, feed and CSV the chapters use — with the chosen file’s contents underneath, so you can read the input beside the expression that consumes it. Drop your own files into a scratch/ folder at the root of the clone and they appear in the same list; git ignores that folder, so your own orders stay out of the repository.

File. Anything on your own machine, through your operating system’s file dialog. The browser reads it and shows it where the book’s file would be, with the format set from the extension. Files above 2 MB are refused: the whole thing is held in memory and posted with every run.

Inline. A box you type in. Switching to it from either of the others carries the contents across, ready to edit, which is the quickest way to ask what happens when a field goes missing — take the book’s order, delete a line, run it.

Two controls sit beside the panes. params passes values that arrive in a script as a params object — params.env — and always as strings, so coerce them when you need a number. Resolve modules decides whether an import resolves from the chapter’s folder; the module and library sections have examples that deliberately leaves it off, to show what an unresolved import looks like.

What it cannot do

Three formats and one directive are outside the command-line tool. It reads dw, JSON, XML, CSV, YAML, plain text, form-encoded data, multipart and Java properties. It does not read application/flatfile, application/xlsx or application/java, and a deferred=true output produces nothing at all — empty output and a successful exit, which is the most confusing failure in the set. Reproducing those needs a Mule runtime, which is where Code Builder earns its place.

It is a language, not a flow. No vars, no attributes, no connectors, no error handlers, no MUnit. Everything about a running application belongs to the other book.

Scripts run with no privileges. By default the engine is given --untrusted, so a script reads the inputs you bind and nothing else — no files, no URLs. Allow file and URL reads lifts that for the chapters that need readUrl. The command-line verification container also disables networking. The web Runner needs a local browser connection; keep its default untrusted mode for scripts you have not reviewed.

The supplied route uses Docker. The companion pins the Linux executable and its supporting environment. Native CLI installation is a separate choice; check the release assets for the platform you intend to use.

The comparison is against this edition. The saved outputs belong to the release named in the footer. A newer engine may produce a different result from the same script, so the pinned release gives the comparison a known starting point.

It is a development tool on your own machine. It binds to the loopback address, executes what you type, and is not something to expose to a network. Nothing you put in it leaves the machine.

The fastest test loop: the dw CLI

Before any framework there is the command line, and dw --help shows the CLI in 2.12 has more than one command:

Commands:
  run            Runs provided DW script.
  wizard         Wizard actions.
    add            Adds a new Wizard to your network of trusted wizards.
  validate       Validate if a script is valid or not.
  spell          Runs the specified Spell.
    create         Creates a new spell with the given name.
    list           List all available spells.
    update         Update all spells to the latest one.
  help           Display help information about the specified command.
  repl           Starts the DW repl.

run is the one this book has used all along. Its shape is dw run [flags] [SCRIPT]. Four flags carry most runs: -f for a script file, -i name=file for an input, --path for module resolution, and -s to silence the logging. Three more matter for testing: -li name=content for an input given inline, -p name=value for a parameter, and -o file to write the result to a file. Note the = — it is -i payload=order.json, one argument, not -i payload order.json.

The input and script body can be supplied inline. The imported module still comes from the companion: Give it a literal input and a script on the command line:

./dw.sh run -s --path=book/support/14-modules-and-testing \
  -li 'payload={"items":[{"sku":"PEN-01","price":2.5,"qty":4}]}' \
  'input payload application/json import orderTotal from orders::OrderMath output application/json --- orderTotal(payload.items)'

10

The inline script has to declare its input with input payload application/json, because there is no file extension to infer the format from. Parameters arrive through -p and land in a params object — how a script picks up an environment or a rate without hard-coding it:

Example 248 — Read CLI environment parameters.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

CLI parameters: env=prod, taxRate=0.2.

%dw 2.0
output application/json
---
{ id: payload.orderId, env: params.env, taxRate: params.taxRate as Number }

./dw.sh run -s -i payload=book/support/14-modules-and-testing/order.json \
  -p env=prod -p taxRate=0.2 \
  -f book/25-appendix-runner/248-read-cli-environment-parameters.dwl

{
  "id": "A-1001",
  "env": "prod",
  "taxRate": 0.2
}

Every parameter is a string on arrival, hence the as Number.

validate: declarations without execution

validate checks a script without running its body. Reuse Example 4 — A missing comma so the source of the syntax failure is already familiar. Run this from the companion root:

./dw.sh validate -f book/01-your-first-script/004-a-missing-comma.dwl

Compiling `004-a-missing-comma`...
[ERROR] Invalid input ':', expected `}` or ',' for the object expression. (line 4, column 29):


4| { orderId: "A-1001" customer: "Dana" }
                               ^
Location:
004-a-missing-comma (line: 4, column:29)
1 errors found

A valid script can still refer to an input that this invocation has not declared. For validate, -i takes an input name, not the name=file binding used by run. Declare payload when checking Example 6 — Read the order header:

./dw.sh validate -i payload -f book/02-read-and-build-objects/006-read-the-order-header.dwl

Compiling `006-read-the-order-header`...
No errors found.

That check establishes that the expression compiles with a payload input. It does not inspect the fixture, prove that orderId exists, or check the result against the receiving contract. The numbered example’s normal run performs the next check with actual data.

validate has no --path option. Checking Example 134 — Normalize an order with module functions this way reports that it cannot resolve orders::OrderMath. For a script that imports project modules, use run with the module path and a representative fixture, as chapter 15’s golden check does.

Exit codes

A test loop needs the shell to know whether the run passed. A successful run exits 0; a script that errors exits 255. I checked both by running a good script and a failing one and printing $?. The golden check in chapter 15 preserves that status so an automated build can detect failure.

The repl starts an interactive session. Piped a single 1 + 1, it printed 2 and then died on end-of-input, so it is a tool for a terminal, not a script. spell and wizard fetch shareable scripts from a registry; spell list asked for interactive confirmation and was not taken further.

Parameters from outside the script

A hard-coded rate such as 0.08 requires a source edit when a caller needs a different rate. The CLI’s -p name=value passes a parameter, reachable in the script as params.name:

Example 249 — Convert a CLI rate parameter.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] }
]

CLI parameters: rate=0.2.

%dw 2.0
output application/json
import * from Orders
---
payload map (order) -> {
  orderId:  order.orderId,
  rate:     params.rate,
  rateType: typeOf(params.rate),
  total:    subtotal(order) * (1 + (params.rate as Number))
}

Run with -p rate=0.2 and --path set for the module:

[
  {
    "orderId": "A-1001",
    "rate": "0.2",
    "rateType": "String",
    "total": 38.4
  },
  {
    "orderId": "A-1008",
    "rate": "0.2",
    "rateType": "String",
    "total": 13.8
  }
]

params.rate arrives as a String, like a CSV cell, and as Number makes its conversion visible. subtotal(order) * (1 + params.rate) would also coerce under chapter 3’s arithmetic rule; I prefer to state that conversion at the input boundary.

The CLI’s other options make the run reproducible: -i name=file binds each named input, -o file writes the result to a file, --path supplies the module root, and -s quietens the logging. All appear in the CLI’s usage text, which prints on an unknown option.
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Functions as Values, in Depth


Read this workshop after the collection chapters. You already know how a callback supplies one result to map. Here we examine the function value itself, the distinction between passing and calling it, and functions that produce other functions.

Passing a function and calling it

To total each order line, declare a helper in the header and try handing its name to map:

Example 250 — Returning a function value from map.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
fun lineTotal(item) = item.price * item.qty
---
payload.items map lineTotal

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Function to String

3| fun lineTotal(item) = item.price * item.qty
                         ^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 250-returning-a-function-value-from-map::main (line: 3, column: 23) at:

3| fun lineTotal(item) = item.price * item.qty
                         ^^^^^^^^^^^^^^^^^^^^^

The arrow points at the function’s body, but the mistake is in the call. Each of the three evaluations on the right of map produced lineTotal itself, leaving three function values in the result array. The JSON writer cannot print those values, hence Cannot coerce Function to String. Adding ($) calls the function on the current item and supplies a line total instead. A function can be passed around as a value; it produces that total only when called.

The number of arguments is checked, and the message is odd

A two-parameter function requires two arguments unless one has a default. Supply just one and you get this error:

Example 251 — Call a function with too few arguments.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun discountedBy(price, rate) = price * (1 - rate)
---
discountedBy(20)

[ERROR] Error while executing the script:
[ERROR] Expects `2` argument but got `1`. Expecting: (_Undefined0, _Undefined1), but got: (20).

5| discountedBy(20)
   ^^^^^^^^^^^^^^^^
Location:
251-arity-too-few (line: 5, column:1)

_Undefined0 and _Undefined1 are the two parameters, printed under the runtime’s names for them because neither declared a type. Three arguments produce the mirror image, Expects `2` argument but got `3`, with (20, 0.1, 0.5) after the but got. Both were run. The block ends in Location: rather than Trace:, the shape chapter 14 identified as a compile-time rejection. The arity of a call is checked against the declaration before any input is read.

A parameter can carry a default, and then the shorter call is legal:

Example 252 — Use a default parameter.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun discountedBy(price, rate = 0.1) = price * (1 - rate)
---
{ withDefault: discountedBy(20), explicit: discountedBy(20, 0.3) }

{
  "withDefault": 18,
  "explicit": 14
}

Chapter 13 uses exactly this on reduce’s accumulator, (item, acc = 0).

The header is a set of declarations, not a sequence of steps

Chapter 3 introduced immutable bindings. Functions can call other functions declared later in the header:

Example 253 — Call a function declared later.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun grossLine(item) = net(item.price) * item.qty
fun net(price) = price * 0.9
---
payload.items map grossLine($)

[
  9,
  10.8,
  9
]

A var may use a fun declared after it too. This forward reference works for function declarations. This behavior does not make declarations interchangeable with sequential assignments; variable dependency rules remain distinct from function declarations.

One thing the header does not check for you is the same function declared twice with the same shape. This script runs, and prints 18:

Example 254 — Declare the same function signature twice.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun net(price) = price * 0.9
fun net(price) = price * 0.8
---
net(20)

18

The first declaration won and the second was never called. fun supports overloading, which the next section comes to, and two identical signatures form an overload set in which the first match always wins. So a stale copy near the bottom of a long header can go unnoticed: the script keeps running the first declaration, and nothing warns you. A var declared twice is an error, Duplicated variable — the next section shows it.

A function without a name

A lambda is a function written inline: parameters in parentheses, an arrow, an expression.

Syntax fragment.

(price) -> price * 0.9

On its own it does nothing, and the CLI is blunt about a script whose entire body is a lambda:

Example 255 — Try writing a function value as JSON.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
(price) -> price * 0.9

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Function to String

4| (price) -> price * 0.9
   ^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 255-lambda-as-output-fails::main (line: 4, column: 1) at:

4| (price) -> price * 0.9
   ^^^^^^^^^^^^^^^^^^^^^^

The body produced a function value. That value can be stored, passed and called, but the JSON writer cannot serialize it.

A lambda can be bound to a name with var, and its parameters and result can be typed the way a fun’s can:

Example 256 — Annotate a lambda parameter.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
var lineTotal = (item: Object): Number -> item.price * item.qty
---
{ totals: payload.items map lineTotal($), typeName: typeOf(lineTotal) }

{
  "totals": [
    10,
    12,
    10
  ],
  "typeName": "Function"
}

typeOf(lineTotal) is "Function", confirming that the declaration produced a value that can be passed to another function. Call the typed lambda with the whole array instead of one item, lineTotal(payload.items), and the rejection reads 1: Array against 1: Object, in the You called the function shape from above.

fun or var?

A named fun and a lambda in a var share most calling behavior. Both can be called infix: 20 discountedBy 0.1 printed 18 with discountedBy declared either way. Both take default parameters; the var form printed the same 18 and 14. Both are values: typeOf says "Function" of either, and a fun can be aliased with var alias = lineTotal and called through that alias. Choosing between them means considering overloading, the form used for recursion, and whether the function was declared directly or produced by another call.

fun can be overloaded and var cannot:

Example 257 — Select a function overload.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun describe(n: Number) = "a number: " ++ n
fun describe(s: String) = "a string: " ++ s
fun describe(a: Array) = "an array of " ++ sizeOf(a)
---
[ describe(2.5), describe(payload.customer), describe(payload.items) ]

[
  "a number: 2.5",
  "a string: Dana",
  "an array of 3"
]

Three declarations share a name and the runtime picks by argument type. The same lines written as var describe = ... fail to compile:

[ERROR] Error while executing the script:
[ERROR] Duplicated variable: `describe`.

3| var describe = (n: Number) -> "a number: " ++ n
   ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Location:
34_var_overload_fails (line: 3, column:1)

Now drop the Array case and call describe(true). There is no Boolean overload, so a reasonable guess is an error. The CLI printed "a string: true", because overload resolution goes through chapter 3’s coercion rule. The String parameter accepted the boolean by coercion and that overload was chosen — overloading dispatches on what the argument can become, not only on what it is.

A recursive calculation needs a name it can call again. A named function can use its own name in its body:

Example 258 — Calculate with a recursive function.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun countdown(n) = if (n == 0) [0] else [n] ++ countdown(n - 1)
fun total(items) = if (isEmpty(items)) 0 else items[0].price * items[0].qty + total(items[1 to -1] default [])
---
{ countdown: countdown(3), orderTotal: total(payload.items) }

{
  "countdown": [
    3,
    2,
    1,
    0
  ],
  "orderTotal": 32
}

total expresses a fold through recursion: its body calls itself on the remaining items. Chapter 13 shows why reduce, and then sum, are clearer for a plain total. On this runtime a lambda in a var that names itself, var countdown = (n) -> ... countdown(n - 1), also ran and printed the same [3, 2, 1, 0]. I would still write a recursive function as a fun; it is the form the documentation shows and the form a reader expects.

The third difference is a habit rather than a capability. I use fun for a function declared directly in the header. A function produced by calling another function belongs in a var, as the currying example below shows.

Higher-order functions: functions that take functions

map walks an array and applies a function to each element. It does not know or care what the function does; you supply that:

Example 259 — Call a lambda for each line.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items map (item) -> item.price * item.qty

[
  10,
  12,
  10
]

A function that takes a function is a higher-order function. map, filter and reduce all qualify; chapters 6, 7 and 13 introduce them separately. For map and filter, the second parameter is the index; for reduce, it is the accumulator.

Handing a named function to map: three ways that work and the one that does not

In the opening payload.items map lineTotal, the infix form evaluates the right-hand expression once per element, with the element and index bound to $ and $$. That expression must produce the result you want for the current element. item.price * item.qty does so when item names the parameter, and lineTotal($) does so by calling the helper. Bare lineTotal evaluates to the function value each time, which leaves the writer with functions it cannot serialise. The working call is:

Example 260 — Call a named function inside map.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun lineTotal(item) = item.price * item.qty
---
payload.items map lineTotal($)

[
  10,
  12,
  10
]

The prefix form is different, and there the bare name is right:

Example 261 — Pass a function to prefix map.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun lineTotal(item) = item.price * item.qty
---
map(payload.items, lineTotal)

[
  10,
  12,
  10
]

map(array, function) takes the function as an argument. Passing lineTotal hands over the value, and map does the calling. Although lineTotal declares one parameter, map calls it with two: the element and the index. The extra argument was ignored and the call succeeded.

The same trap applies to a lambda in a var. payload.items map lineTotal with var lineTotal = (item) -> ... fails with the identical Cannot coerce Function to String. This is about infix versus prefix, not about fun versus var. So the rule: infix, call it; prefix, pass it. A bare name on the right of an infix map is the one mistake in this chapter with a misleading message. The arrow points at the function’s body, not at the call that misused it.

Writing your own higher-order function

A parameter can hold a function, and a body can call it:

Example 262 — Declare a function-valued parameter.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun applyTo(items: Array, f: (Any) -> Any): Array = items map f($)
fun lineTotal(item) = item.price * item.qty
---
{ totals: applyTo(payload.items, lineTotal), skus: applyTo(payload.items, (item) -> item.sku) }

{
  "totals": [
    10,
    12,
    10
  ],
  "skus": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ]
}

(Any) -> Any is a function type: one parameter of any type, any result. Inside applyTo, f is called the infix way, f($), because items map f would hit the opening error from inside your own function. The annotation earns its keep when someone passes the wrong thing:

Example 263 — Reject an incompatible function argument.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun applyTo(items: Array, f: (Any) -> Any): Array = items map f($)
---
applyTo(payload.items, 3)

[ERROR] Error while executing the script:
[ERROR] You called the function 'applyTo' with these arguments: 
  1: Array ([{sku: "PEN-01",price: 2.5,qty: 4}, {sku: "PAD-22",price: 6,qty: 2}, {sku: "C...)
  2: Number (3)

But it expects arguments of these types:
  1: Array
  2: Function


5| applyTo(payload.items, 3)
   ^^^^^^^
Trace:
  at 263-function-typed-param-rejects::main (line: 5, column: 1) at:

5| applyTo(payload.items, 3)
   ^^^^^^^

2: Function in the expected list. Without the annotation the failure would have happened inside the body, when 3($) was attempted, with a message about 3 rather than about applyTo.

The positional shorthands: $, $$, $$$

For a one-line lambda, a parameter name often adds nothing. Inside an implicit callback for a higher-order function, DataWeave binds the callback arguments to positional names: $ is the first, $$ the second, $$$ the third.

Example 264 — Inspect map shorthand parameters.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  totals: payload.items map $.price * $.qty,
  numbered: payload.items map { line: $$ + 1, sku: $.sku },
  afterFirst: payload.items filter ($$ > 0) map $.sku
}

{
  "totals": [
    10,
    12,
    10
  ],
  "numbered": [
    {
      "line": 1,
      "sku": "PEN-01"
    },
    {
      "line": 2,
      "sku": "PAD-22"
    },
    {
      "line": 3,
      "sku": "CLP-08"
    }
  ],
  "afterFirst": [
    "PAD-22",
    "CLP-08"
  ]
}

For map and filter that is element and index. What $$ and $$$ mean depends entirely on what the function passes, and the object functions pass three things:

Example 265 — Inspect object callback shorthand.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  renamed: payload.items[0] mapObject { (upper($$)): $ },
  positions: payload.items[0] mapObject { ($$ ++ "_" ++ $$$): $ },
  plucked: payload.items[0] pluck { key: $$, value: $, index: $$$ }
}

{
  "renamed": {
    "SKU": "PEN-01",
    "PRICE": 2.5,
    "QTY": 4
  },
  "positions": {
    "sku_0": "PEN-01",
    "price_1": 2.5,
    "qty_2": 4
  },
  "plucked": [
    {
      "key": "sku",
      "value": "PEN-01",
      "index": 0
    },
    {
      "key": "price",
      "value": 2.5,
      "index": 1
    },
    {
      "key": "qty",
      "value": 4,
      "index": 2
    }
  ]
}

In mapObject and pluck the order is value, key, index: $, $$, $$$. The parentheses around upper($$) make it a dynamic key; chapter 10 explains those. Ask map for a third argument it does not pass and the name simply does not exist:

Example 266 — Reject a third map parameter.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
payload.items map { sku: $.sku, index: $$, third: $$$ }

[ERROR] Error while executing the script:
[ERROR] Unable to resolve reference of: `$$$`.

4| payload.items map { sku: $.sku, index: $$, third: $$$ }
                                                     ^^^
Location:
266-reject-a-third-map-parameter (line: 4, column:51)

Where $ does not exist

The examples here bind the shorthands inside implicit callbacks. They are not ambient variables available anywhere in a script. Three places people reach for $ and find nothing, all run:


	With named parameters. payload.items map (item) -> $.sku fails with Unable to resolve reference of: `$`. Once you name the parameters the positional names are gone — it is one or the other.

	In a fun body. fun lineTotal(item) = $.price * $.qty fails the same way, twice, once per $. A function body is not an infix right-hand side.

	In a prefix call. map(payload.items, $.price * $.qty) fails identically, and so does map(payload.items, lineTotal($)). The prefix form takes a function argument, and there is nothing to bind $ to.



Chapter 9’s Nesting rebinds $, silently section shows why nested callbacks should use named parameters. The same scope rule applies to function values here.

Infix or prefix: the same call, read two ways

payload.items map lineTotal($) reads as a sentence because map is being called infix: left operand, function name, right operand. Every two-parameter function can be called that way, including your own, and every infix call has a prefix spelling:

Example 267 — Compare prefix and infix calls.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun lineTotal(item) = item.price * item.qty
fun discountedBy(price, rate) = price * (1 - rate)
---
{
  infix: payload.items map lineTotal($),
  prefix: map(payload.items, (item) -> lineTotal(item)),
  ownInfix: 20 discountedBy 0.1,
  ownPrefix: discountedBy(20, 0.1)
}

{
  "infix": [
    10,
    12,
    10
  ],
  "prefix": [
    10,
    12,
    10
  ],
  "ownInfix": 18,
  "ownPrefix": 18
}

Infix is for exactly two parameters. A three-parameter function has no infix form, and trying one is an arity error rather than a syntax error:

Example 268 — Reject a three-argument infix call.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun clamp(x, lo, hi) = max([lo, min([x, hi])])
---
5 clamp 1

[ERROR] Error while executing the script:
[ERROR] Expects `3` argument but got `2`. Expecting: (_Undefined0, _Undefined1, _Undefined2), but got: (5, 1).

5| 5 clamp 1
   ^^^^^^^^^
Location:
268-reject-a-three-argument-infix-call (line: 5, column:1)

The parser accepted 5 clamp 1 as a two-argument call and the arity check rejected it. The choice between the two forms is about reading. A chain of transforms reads top to bottom as infix — payload.items filter ($.qty >= 4) map $.sku ran and printed ["PEN-01", "CLP-08"] — while the prefix spelling of the same chain reads inside out. Prefix earns its place when the right-hand side is a function value you already hold rather than an expression.

Currying: functions that return functions

A discount calculation can fix the rate now and accept the price later. Its body is a lambda, so calling it produces a new function that retains the chosen rate:

Example 269 — Return a function with a bound discount.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun discount(rate) = (price) -> price * (1 - rate)
var tenOff = discount(0.1)
---
{ single: tenOff(20), direct: discount(0.1)(20), typeName: typeOf(tenOff) }

{
  "single": 18,
  "direct": 18,
  "typeName": "Function"
}

discount(0.1) hands back a function that remembers the rate and still wants a price. tenOff holds it and tenOff(20) finishes the job; discount(0.1)(20) does both in one expression. This is partial application, and it is the case where a lambda in a var is the natural form — nobody wrote tenOff out, discount produced it.

The produced function goes anywhere a function goes, including into map:

Example 270 — Map with a curried function.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun discount(rate) = (price) -> price * (1 - rate)
var clearance = discount(0.3)
---
payload.items map clearance($.price)

[
  1.75,
  4.2,
  0.7
]

Make discount(0.3) the script’s output and the CLI prints Cannot coerce Function to String, with the arrow under the lambda in discount’s body. The same message has now appeared in three settings because each sent a function value to the JSON writer; the particular route through a lambda or map did not change that failure.

Composition, and why the order is not decoration

Chaining two transforms is nesting two calls: withTax(net(20)) runs net first and withTax on its result. When the pairing repeats, capture it as a function that takes two functions and returns their composition:

Example 271 — Compose two calculations.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun net(p) = p * 0.9
fun withTax(p) = p * 1.2
fun compose(f, g) = (x) -> f(g(x))
var netThenTax = compose(withTax, net)
---
{
  nested: withTax(net(20)),
  composed: netThenTax(20),
  lines: payload.items map netThenTax($.price * $.qty)
}

{
  "nested": 21.6,
  "composed": 21.6,
  "lines": [
    10.8,
    12.96,
    10.8
  ]
}

compose takes two functions whose types line up and returns a third, without mentioning a price. Read compose(f, g) from the inner call outward: g runs first, then f, just as in f(g(x)). netThenTax is a var because another function produced it. I name composed functions in execution order like this, so a caller can read the order directly without reversing the arguments in their head.

Whether the order matters depends on the functions. net and withTax both multiply, and multiplication commutes, so compose(net, withTax)(20) is the same 21.6. A test built from those two would pass whichever way round you wrote it. Replace one with a subtraction and the order shows:

Example 272 — Change the order of composition.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun lessFive(p) = p - 5
fun tax(rate) = (p) -> p * (1 + rate)
fun compose(f, g) = (x) -> f(g(x))
var discountThenTax = compose(tax(0.2), lessFive)
var taxThenDiscount = compose(lessFive, tax(0.2))
---
{ discountThenTax: discountThenTax(20), taxThenDiscount: taxThenDiscount(20) }

{
  "discountThenTax": 18,
  "taxThenDiscount": 19
}

A flat discount before tax is (20 - 5) * 1.2; after tax it is 20 * 1.2 - 5. One unit of difference on a twenty-unit order, no error, and a tax authority with a view on which is correct. tax(0.2) is the curried function from the previous section handed straight to compose. The resulting transform combines small functions that can be produced and passed as values. When a function body needs a local name along the way, do gives it a header of its own; chapter 5 introduced that scope.

Exercises

Your own map. Write applyTo(items, f) that applies f to every element of items, without a type annotation. Use it twice on Dana’s items: once with a named fun that returns the line total, once with a lambda that returns the SKU. Run it, then explain why the body has to be items map f($) and not items map f.

Show answer

Example 273 — Apply a function argument.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun applyTo(items, f) = items map f($)
fun lineTotal(item) = item.price * item.qty
---
{
  totals: applyTo(payload.items, lineTotal),
  skus: applyTo(payload.items, (item) -> item.sku)
}

{
  "totals": [
    10,
    12,
    10
  ],
  "skus": [
    "PEN-01",
    "PAD-22",
    "CLP-08"
  ]
}

Inside applyTo, f is a function value. items map f would evaluate f once per element and collect three function values, which is the chapter’s opening error; f($) calls it on the element. At the call site, applyTo(payload.items, lineTotal) is prefix, so the bare name is right. Pass it in, call it inside.


Order of composition. Using net(p) = p * 0.9 and tax(rate) = (p) -> p * (1 + rate), build netThenTax and taxThenNet with compose and run both on 20. Then say, before running, what happens if net becomes lessFive(p) = p - 5.

Show answer

Example 274 — Compose discount and tax.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun net(p) = p * 0.9
fun tax(rate) = (p) -> p * (1 + rate)
fun compose(f, g) = (x) -> f(g(x))
var netThenTax = compose(tax(0.2), net)
var taxThenNet = compose(net, tax(0.2))
---
{ netThenTax: netThenTax(20), taxThenNet: taxThenNet(20) }

{
  "netThenTax": 21.6,
  "taxThenNet": 21.6
}

Both are 21.6, because 0.9 * 1.2 * 20 is the same number in either order. With lessFive in place of net the two diverge to 18 and 19, as the composition section showed. A test of composition order needs a pair of functions that do not commute, or it tests nothing.


The missing overload. Declare describe for Number and for String only, and call describe(true). Predict the result before running, then explain it with chapter 5’s scalar-parameter coercion rule.

Show answer

Example 275 — Call an overload with a Boolean.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
fun describe(n: Number) = "a number: " ++ n
fun describe(s: String) = "a string: " ++ s
---
describe(true)

"a string: true"

No error. A typed parameter accepts any argument that can be coerced to its type, and a Boolean coerces to a String, so the String overload matched and ran. If the intent was to reject anything that is not a number or a string, overloading will not do it; an explicit is check will.


These techniques are available when they clarify a reusable calculation. A direct named function and explicit parameters remain good choices when the extra abstraction would make the caller harder to follow.







Appendix

C

Additional Formats and Mule Integration


These independent workshops apply the reader/writer model to Java, fixed-width records, Excel and multipart, then place checks around a Mule flow. The CLI supports multipart. The Java, fixed-width and Excel probes shown here need the separately identified Mule runtime. Run the workshop that matches the boundary your application actually uses.

application/java: where the model meets the JVM

Inside a Mule application the data flowing between steps is frequently plain Java objects rather than serialised bytes. application/java is the reader and writer for that boundary. The writer hands the next step Java objects, and the reader lets a script select into a POJO or a Map a connector produced.

The DataWeave CLI does not ship the Java format; its rejection is shown first, followed by the separate Mule probe:

Example 276 — Try Java output in the CLI.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/java
---
{
  id: payload.orderId,
  items: payload.items map { sku: $.sku, qty: $.qty }
}

[ERROR] Error while executing the script:
[ERROR] Unknown content type `application/java`. Supported content types are: `application/dw`, `application/json`, `application/xml`, `application/csv`, `application/octet-stream`, `text/plain`, `application/x-www-form-urlencoded`, `multipart/form-data`, `text/x-java-properties`, `application/yaml`

2| output application/java
          ^^^^^^^^^^^^^^^^
Trace:
  at 276-java-output::main (line: 2, column: 8) at:

2| output application/java
          ^^^^^^^^^^^^^^^^

That diagnostic establishes the CLI’s boundary. A separate probe was then run in Mule 4.12.3 on Java 17.0.13. Its first Transform Message wrote this object as Java:

Example 277 — Produce Java scalar objects in Mule.

Companion source.

Recorded Mule probe. This listing requires the separately identified Mule runtime; it is not a standalone CLI example.

%dw 2.0
output application/java
---
{integer: 42, decimal: 1.5}

A second transform inspected the Java class metadata and wrote JSON:

Example 278 — Inspect Java scalar classes in Mule.

Companion source.

Recorded Mule probe. This listing requires the separately identified Mule runtime; it is not a standalone CLI example.

%dw 2.0
output application/json
---
{
  integerClass: payload.integer.^class,
  decimalClass: payload.decimal.^class
}

The HTTP response contained:

{"integerClass":"java.lang.Integer","decimalClass":"java.lang.Double"}

Those are two observed mappings on the pinned Mule runtime. They do not establish a universal rule for every integer magnitude, decimal precision, or requested Java class. A rule that every decimal becomes BigDecimal, for instance, does not match this run. Before writing, both literals are DataWeave Numbers; the Java boundary supplies the concrete JVM classes.

The documentation also describes objects, lists and Java bean access. Custom POJO construction, getter visibility and primitive-field null handling were not exercised. A Java method with an exact parameter type needs a test of that signature and its actual value range. The two successful literals above cannot establish compatibility with an arbitrary downstream library.

Fixed-width: the schema does the parsing

Fixed-width files have no delimiter at all. Every field is defined by position and length: customer id in characters 1–10, name in 11–40, amount in 41–52, padded with spaces or zeros.

4021      Dana Lopez                    000000012950
4022      Sam Okafor                    000000004999

DataWeave’s answer is the application/flatfile format, which parses against a schema. This separate file names each field, its offset, width and padding. It can also distinguish record types by a tag at a fixed position. With the schema supplied as a reader property, payload becomes an array of objects keyed by the schema’s field names. The body never mentions a position.

The native CLI does not ship the flat-file format. Its attempted read produced:

[ERROR] Unknown content type `application/flatfile`. Supported content types are: `application/dw`, `application/json`, `application/xml`, `application/csv`, `application/octet-stream`, `text/plain`, `application/x-www-form-urlencoded`, `multipart/form-data`, `text/x-java-properties`, `application/yaml`

A separate Mule 4.12.3 / DataWeave 2.12.3 probe then read the same two records using a schema. The resource customers.ffd defines one record type:

form: FIXEDWIDTH
id: Customers
name: Customers
values:
- { name: customerId, type: String, length: 10 }
- { name: name, type: String, length: 30 }
- { name: amountCents, type: Integer, length: 12 }

Both the schema and the text fixture sit in src/main/resources. This transform was executed through a local HTTP endpoint:

Example 279 — Read fixed-width customers in Mule.

Companion source.

Recorded Mule probe. This listing requires the separately identified Mule runtime; it is not a standalone CLI example.

%dw 2.0
output application/json
---
readUrl("classpath://customers.txt", "application/flatfile", {schemaPath:"customers.ffd"})

Its JSON response contained two objects with customer IDs 4021 and 4022, names Dana Lopez and Sam Okafor, and numeric amounts 12950 and 4999. Padding was removed from the String fields. The schema’s field widths, classpath lookup and numeric conversion therefore have direct evidence on the pinned Mule runtime. The FFD schema reference describes more complex record structures; tagged multi-record schemas and malformed-record recovery were not tested.

The same input was also parsed by positional String operations in the CLI. This alternative makes the offsets visible, which helps explain what the schema removes from the transform:

Example 280 — Parse fixed-width fields with string ranges.

Companion source.

Input payload — customers.txt:

4021      Dana Lopez                    000000012950
4022      Sam Okafor                    000000004999

%dw 2.0
output application/json
---
(payload splitBy "\n") filter (!isEmpty($)) map (line) -> {
  customerId:  trim(line[0 to 9]),
  name:        trim(line[10 to 39]),
  amountCents: line[40 to 51] as Number
}

[
  {
    "customerId": "4021",
    "name": "Dana Lopez",
    "amountCents": 12950
  },
  {
    "customerId": "4022",
    "name": "Sam Okafor",
    "amountCents": 4999
  }
]

String ranges are inclusive and zero-based — line[0 to 9] is the first ten characters. Maintaining this version means reading field positions from the code; a second record type would need its own branch. A schema puts those field definitions together, making layout changes easier to review when the runtime supports the format.

Excel and multipart

The CLI rejects Excel (application/xlsx), but a separate Mule 4.12.3 / Java 17 probe ran a small workbook round trip. It wrote one sheet, then read the resulting bytes in the same expression:

Example 281 — Round-trip an Excel sheet in Mule.

Companion source.

Recorded Mule probe. This listing requires the separately identified Mule runtime; it is not a standalone CLI example.

%dw 2.0
output application/json
var bytes = write({Orders: [{id: "A-1001", total: 32}]}, "application/xlsx")
---
read(bytes, "application/xlsx")

The HTTP response contained:

{"Orders":[{"id":"A-1001","total":32}]}

The sheet name survives as an object key, the row is an object in an array, and this numeric cell returns as a Number. This tests a workbook produced by the same runtime. An externally authored workbook with merged headers, formulas, date styles or unusual number formats needs separate fixtures; none was tested here.

Multipart the CLI does support, and it works better than I expected. A form upload carrying a text field and a CSV file:

--boundary42
Content-Disposition: form-data; name="orderId"

A-1001
--boundary42
Content-Disposition: form-data; name="items"; filename="items.csv"
Content-Type: application/csv

sku,qty
PEN-01,4
PAD-22,2
--boundary42--

Example 282 — Read multipart content.

Companion source.

Input payload — upload.multipart.txt:

--boundary42
Content-Disposition: form-data; name="orderId"

A-1001
--boundary42
Content-Disposition: form-data; name="items"; filename="items.csv"
Content-Type: application/csv

sku,qty
PEN-01,4
PAD-22,2
--boundary42--

%dw 2.0
output application/json
var form = read(payload, "multipart/form-data", { boundary: "boundary42" })
---
{
  partNames:   keysOf(form.parts) map ($ as String),
  orderId:     form.parts.orderId.content,
  disposition: form.parts.items.headers."Content-Disposition",
  contentType: form.parts.items.headers."Content-Type",
  rows:        form.parts.items.content map { sku: $.sku, qty: $.qty as Number }
}

{
  "partNames": [
    "orderId",
    "items"
  ],
  "orderId": "A-1001",
  "disposition": {
    "name": "items",
    "filename": "items.csv",
    "subtype": "form-data"
  },
  "contentType": "application/csv",
  "rows": [
    {
      "sku": "PEN-01",
      "qty": 4
    },
    {
      "sku": "PAD-22",
      "qty": 2
    }
  ]
}

Each entry in parts is keyed by the part’s name and contains headers and content. The CSV part’s Content-Type: application/csv has already selected a reader, so its content is an array of objects. Calling read(form.parts.items.content, "application/csv") tries to parse it again and fails because read received an array. With no Content-Type, a part arrives as a string and needs read() in the script. Inspect the content’s type before adding another parsing step.

Writing multipart mirrors the read — each part contains model data, and its Content-Type header picks the writer:

Example 283 — Write multipart content.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output multipart/form-data boundary="boundary42"
---
{
  parts: {
    orderId: { headers: { "Content-Type": "text/plain" }, content: payload.orderId },
    items:   { headers: { "Content-Type": "application/csv",
                          "Content-Disposition": { name: "items", filename: "items.csv" } },
               content: payload.items map { sku: $.sku, qty: $.qty } }
  }
}

--boundary42
Content-Type: text/plain
Content-Disposition: form-data; name="orderId"

A-1001
--boundary42
Content-Type: application/csv
Content-Disposition: form-data; name="items"; filename="items.csv"

sku,qty
PEN-01,4
PAD-22,2
CLP-08,10

--boundary42--

My first attempt passed write(…, "application/csv") as the content, which is a string. The CSV writer inside the multipart writer rejected it with CSV Structure should be either an Array<Object> or an Object but got String. The part needs model data — its writer produces the bytes.

MUnit, which needs the runtime

Inside a Mule application a corresponding assertion can use MUnit, the runtime’s test framework. This fragment wraps the flow containing the transform; it still needs the input event arranged before the flow reference:

<munit:test name="normalize-order-produces-expected-json">
  <munit:execution>
    <flow-ref name="normalize-order"/>
  </munit:execution>
  <munit:validation>
    <munit-tools:assert-that
      expression="#[payload]"
      is="#[MunitTools::equalTo(
        readUrl('classpath://golden/order-normalized.json','application/json'))]"/>
  </munit:validation>
</munit:test>

The documented difference from the diff version is that readUrl loads the golden JSON as data, so the comparison is structural and a reordered key would not fail it. MUnit needs a Mule runtime and a Maven build, which this chapter’s lab does not have. The element names and the equalTo shape are from the documentation; check them against the MUnit version in your project. MUnit earns its keep on the flow around the transform. For the transform itself, the CLI never leaves the language.







Appendix

D

Library and Behavior Reference


This reference collects the detailed conversion, selection, scope and library investigations that are useful once you can follow the main examples. Read an entry to answer a specific question, and keep its fixture beside the script. The main chapters teach the operations needed by the running report before using them.

Dots, brackets, and one hyphen

The workhorse is the dot. payload.orderId selects a key from an object. Dots chain, so payload.customer.email walks two levels down. Arrays take an index in brackets, zero-based, and a negative index counts from the end:

Example 284 — Combine object paths and array indexes.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": { "name": "Dana", "email": "dana@example.com", "tier": "gold" },
  "shipping": { "method": "courier", "price": 4.0 },
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  id: payload.orderId,
  email: payload.customer.email,
  first: payload.items[0].sku,
  last: payload.items[-1].sku
}

{
  "id": "A-1001",
  "email": "dana@example.com",
  "first": "PEN-01",
  "last": "CLP-08"
}

The bracket form works on objects too, with a string inside, and the string can be any expression. payload["orderId"] is the same selection as payload.orderId. Between the brackets you can put a variable, a computed name, or a key containing a space or hyphen, which the dot form cannot take as a bare name.

Example 285 — Select fields with brackets.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
var field = "tier"
---
{
  plain: payload["orderId"],
  chained: payload["customer"]["email"],
  computed: payload.customer[field],
  hyphenated: { "ship-to": "Lisbon" }["ship-to"]
}

{
  "plain": "A-1001",
  "chained": "dana@example.com",
  "computed": "gold",
  "hyphenated": "Lisbon"
}

A hyphen changes how the dot form is parsed. { "ship-to": "Lisbon" }.ship-to becomes a subtraction: select ship, which is missing and therefore null, then subtract the to range function. The key exists in the object, but this expression never asks for it. Instead, the runtime reports that none of its - overloads accepts those arguments:

[ERROR] Error while executing the script:
[ERROR] Unable to call: `-` with arguments: (`Null`, (from: Number, to: Number) -> Range).
 Reasons:
	- Expecting Type: `Array<T>`, but got: `Null`.
		|-- From: `Array<T>`	
		|- From: -<T>(lhs: Array<T>, rhs: Any) -> Array<T>		
			4| { "ship-to": "Lisbon" }.ship-to
			   ^^^^^^^^^^^^^^^^^^^^^^^^^^^^
	- Expecting Type: `Number`, but got: `Null`.
		|-- From: `Number`
	- Expecting Type: `Number`, but got: (from: Number, to: Number) -> Range.
		|-- From: `Number`	
		|- From: -(lhs: Number, rhs: Number) -> Number		
			4| { "ship-to": "Lisbon" }.ship-to
			   ^^^^^^^^^^^^^^^^^^^^^^^^^^^^
	- 17 more options ...

4| { "ship-to": "Lisbon" }.ship-to
   ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Location:
03_hyphen_dot_fails (line: 4, column:1)

The twenty-line subtraction error comes from the key’s punctuation. to builds ranges, which is why the message mentions Range. Had the key been ship-date, the failure would have been Unable to resolve reference of: date, at compile time, before anything ran. Brackets keep these names intact: a key that a downstream system spells with a hyphen, dot or space is selected with ["..."].

The missing-key rule, and where it stops

Selecting a key that is not there returns null. Selecting anything from null returns null. Those rules let a chain continue through absent intermediate fields: payload.shippingAddress is null, and .city on null is null again. The chain is safe all the way down.

Example 286 — Continue a selection through null.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ onNull: null.anything, chained: payload.warehouse.bay.shelf, onNumber: (42).anything, onArrayOfNumbers: [1, 2].anything }

{
  "onNull": null,
  "chained": null,
  "onNumber": null,
  "onArrayOfNumbers": null
}

A key selection on a number is null too; payload.shipping.price.amount therefore returns null when price is numeric. Selecting a key from an array of numbers also gives null, because none of the elements is an object. So far every wrong turn ends in null. The one that does not is a string:

Example 287 — Try selecting an object field from text.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ onString: payload.customer.name.anything }

[ERROR] Error while executing the script:
[ERROR] You called the function 'Value Selector' with these arguments: 
  1: String ("Dana")
  2: Name ("anything")

But it expects one of these combinations:
  (Array, Name)
  (Array, String)
  (Date, Name)
  (DateTime, Name)
  (LocalDateTime, Name)
  (LocalTime, Name)
  (Object, Name)
  (Object, String)
  (Period, Name)
  (Time, Name)

4| { onString: payload.customer.name.anything }
               ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 287-select-on-string-fails::main (line: 4, column: 13) at:

4| { onString: payload.customer.name.anything }
               ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The error exposes the two arguments to Value Selector: the value on the left of .name and the key on the right. Its overloads accept objects, arrays and temporal types; |2026-09-13|.year, for example, selects from a date, as chapter 22 shows. Null and Number fall through to null, while String matches nothing and fails. A chain can therefore continue safely through a missing key without being safe for every unexpected input type. Check both the path and the kind of value it reaches.

As chapter 2 demonstrated, a typo in a key name is not a syntax error, a runtime error or a warning. It is a null in the output, and it stays there until someone reads the output. When a required field comes back null, check the key name first. Then check whether an earlier segment of the chain was already null.

Indexing has its own small surprises. An index on an object gives the nth value; on a string it gives the nth character; on null, null:

Example 288 — Apply indexes to different value types.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ indexOnObject: payload.customer[0], indexOnString: payload.customer.name[0], indexOnNull: payload.warehouse[0] }

{
  "indexOnObject": "Dana",
  "indexOnString": "D",
  "indexOnNull": null
}

An index on a number even reads its digits as text: payload.shipping.price[0] is "4". In an order transform, a result like that is a reason to inspect the value the index reached. The selector may be acting on a scalar where you intended to reach an array; the input need not be corrupted for the expression to produce a surprising result.

Coercion with as

as converts a value to a type, and reads left to right: value, as, type.

Example 289 — Convert scalar values explicitly.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  fromString: "42" as Number,
  decimalString: "2.50" as Number,
  toString: 42 as String,
  decimalToString: 6.0 as String,
  productToString: (2.5 * 4) as String,
  flag: "true" as Boolean,
  upperFlag: "TRUE" as Boolean,
  alreadyNumber: 42 as Number
}

{
  "fromString": 42,
  "decimalString": 2.5,
  "toString": "42",
  "decimalToString": "6",
  "productToString": "10",
  "flag": true,
  "upperFlag": true,
  "alreadyNumber": 42
}

"2.50" became 2.5 and 6.0 became "6": coercion goes through the number, and a numeric value does not preserve the original text’s decimal formatting. Boolean parsing is case-insensitive. Coercing a value to the type it already has is a no-op, which means as Number is safe to apply to a field that is sometimes text and sometimes not.

What as will not do is guess. Every conversion that has no single right answer is an error, and the error names the value:

Example 290 — Reject nonnumeric text during conversion.

Companion source.

%dw 2.0
output application/json
---
{ n: "hello" as Number }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (hello) to Number

4| { n: "hello" as Number }
        ^^^^^^^^^^^^^^^^^
Trace:
  at 290-as-fails-number::main (line: 4, column: 6) at:

4| { n: "hello" as Number }
        ^^^^^^^^^^^^^^^^^

The same failure shape distinguishes several invalid input forms. "1,234.50" as Number fails, because a thousands separator is a format, not a number. " 42 " as Number fails on the spaces. "42abc" fails. "yes" as Boolean fails, because only true and false (in any case) are booleans. 1 as Boolean fails, because DataWeave has no truthiness and a number is never a boolean. payload.items[0] as String fails with Cannot coerce Object to String, because an object has no canonical text form; if you want JSON text, that is write(value, "application/json"), chapter 17’s subject. The one that matters most for real feeds is this:

Example 291 — Try coercing null to a number.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ coupon: payload.coupon as Number }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce Null (null) to Number

4| { coupon: payload.coupon as Number }
             ^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 291-as-null-fails::main (line: 4, column: 11) at:

4| { coupon: payload.coupon as Number }
             ^^^^^^^^^^^^^^^^^^^^^^^^

The order has no coupon, so chapter 2’s selector rule supplies null. The coercion then fails. Handling this optional field requires a decision about what absence means: supply a default before the coercion ((payload.coupon default "0") as Number, chapter 4), guard with if, or let the missing field stop the script. Choose the behavior the receiving system needs. Without an explicit choice, the first order that omits the field will stop at this coercion.

Format schemas: how to read a string, how to print a value

The feed’s placed is "13/09/2026", and as Date alone rejects it, because the only layout as Date knows without help is ISO 8601:

Example 292 — Reject a date with no declared layout.

Companion source.

Input payload — order_from_feed.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "placed": "13/09/2026",
  "items": [
    { "sku": "PEN-01", "price": "2.50", "qty": "4" },
    { "sku": "PAD-22", "price": "6.00", "qty": "2" },
    { "sku": "CLP-08", "price": "1.00", "qty": "10" }
  ]
}

%dw 2.0
output application/json
---
{ d: payload.placed as Date }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (13/09/2026) to Date

4| { d: payload.placed as Date }
        ^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 292-reject-a-date-with-no-declared-layout::main (line: 4, column: 6) at:

4| { d: payload.placed as Date }
        ^^^^^^^^^^^^^^^^^^^^^^

Converting between text and a structured type often needs a layout. A format schema, in braces after the type, supplies one:

Example 293 — Parse a feed date and add a week.

Companion source.

Use order_from_feed.json as payload, as above.

%dw 2.0
output application/json
---
{
  placed: payload.placed as Date {format: "dd/MM/yyyy"},
  placedType: typeOf(payload.placed as Date {format: "dd/MM/yyyy"}),
  iso: "2026-09-13" as Date,
  nextWeek: (payload.placed as Date {format: "dd/MM/yyyy"}) + |P7D|
}

{
  "placed": "13/09/2026",
  "placedType": "Date",
  "iso": "2026-09-13",
  "nextWeek": "2026-09-20"
}

placed parsed successfully: typeOf reports Date, and adding seven days produces another date. Yet it printed as 13/09/2026, retaining the input’s layout. The format schema stays attached to the parsed value, and the writer uses that layout when it serialises the value. nextWeek is a different value, produced by the addition, and it carries no schema, so it printed as ISO. To print the parsed value differently, coerce it again:

Example 294 — Inspect a date’s retained format.

Companion source.

Use order_from_feed.json as payload, as above.

%dw 2.0
output application/json
var placed = payload.placed as Date {format: "dd/MM/yyyy"}
---
{
  asIs: placed,
  toStringNoFormat: placed as String,
  toStringIso: placed as String {format: "yyyy-MM-dd"},
  afterArithmetic: placed + |P1D|
}

{
  "asIs": "13/09/2026",
  "toStringNoFormat": "2026-09-13",
  "toStringIso": "2026-09-13",
  "afterArithmetic": "2026-09-14"
}

as String with no schema gives ISO; as String with one gives that layout. The pattern letters come from Java DateTimeFormatter. dd MMM yyyy produces 13 Sep 2026; EEEE, d MMMM yyyy produces Sunday, 13 September 2026. Chapter 22 covers the remaining patterns. What a wrong layout does is fail at the first field that cannot be satisfied, and the message says which:

Example 295 — Reject a date with the wrong layout.

Companion source.

Use order_from_feed.json as payload, as above.

%dw 2.0
output application/json
---
{ placed: payload.placed as Date {format: "MM/dd/yyyy"} }

[ERROR] Error while executing the script:
[ERROR] Cannot coerce String (13/09/2026) to Date, caused by: Text '13/09/2026' could not be parsed: Invalid value for MonthOfYear (valid values 1 - 12): 13

4| { placed: payload.placed as Date {format: "MM/dd/yyyy"} }
             ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at 295-date-parse-wrong-format::main (line: 4, column: 11) at:

4| { placed: payload.placed as Date {format: "MM/dd/yyyy"} }
             ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

That failed because 13 is not a month. "05/09/2026" with the same wrong layout would have parsed to the ninth of May and said nothing, which is the case to fear with day-month ambiguity. The layout is a claim about the feed, and it should come from the feed’s documentation, not from the first sample that happens to parse.

Numbers use the same brace, with Java DecimalFormat patterns, and the schema works in both directions:

Example 296 — Compare numeric formatting patterns.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{
  thousands: 1234.5 as String {format: "#,###.00"},
  twoPlaces: (2.5 * 4) as String {format: "0.00"},
  optionalDecimals: 10 as String {format: "#.##"},
  rounded: 12.4966 as String {format: "0.00"},
  parsedBack: "1,234.50" as Number {format: "#,###.00"},
  total: sum(payload.items map ($.price * $.qty)) as String {format: "0.00"}
}

{
  "thousands": "1,234.50",
  "twoPlaces": "10.00",
  "optionalDecimals": "10",
  "rounded": "12.50",
  "parsedBack": 1234.5,
  "total": "32.00"
}

parsedBack is the thousands-separator string that as Number refused a few sections ago, accepted once the schema says where the commas go. rounded shows that 0.00 rounds rather than truncating. And total is the answer to “how do I print 32.00”: the number is 32, and the string is a presentation of it.

Formatting must apply to the complete calculation:

Example 297 — Group a conversion before arithmetic.

Companion source.

%dw 2.0
output application/json
---
{
  unparenthesised: 2.5 * 4 as String {format: "0.00"},
  parenthesised: (2.5 * 4) as String {format: "0.00"},
  whatItDid: typeOf(2.5 * 4 as String {format: "0.00"})
}

{
  "unparenthesised": 10,
  "parenthesised": "10.00",
  "whatItDid": "Number"
}

as binds to 4, so 4 as String {format: "0.00"} produces "4.00" before the multiplication. Then * coerces that string back to a number and multiplies it, losing the format. The script runs, but its output contains 10 where the consumer expected "10.00". Parenthesising the product makes the intended sequence visible: calculate the value, then format that result.

Importing the standard library

DataWeave ships a standard library organised into modules under dw::core::: Strings, Arrays, Objects, Numbers, Dates and more. One module, dw::Core, is imported for you, which is why map, sum, sizeOf and upper have worked throughout the collection chapters without a line of setup. Everything else has to be asked for, and a missing import produces an unresolved-reference diagnostic:

Example 298 — Call a function without importing it.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] }
]

%dw 2.0
output application/json
---
capitalize("gel pen")

[ERROR] Error while executing the script:
[ERROR] Unable to resolve reference of: `capitalize`.

4| capitalize("gel pen")
   ^^^^^^^^^^
Location:
298-import-not-imported (line: 4, column:1)

capitalize is in dw::core::Strings. There are three forms of import, and they differ in what they put into your namespace.

The wildcard brings in every declaration the module has:

Example 299 — Import every module function.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import * from dw::core::Strings
---
{
  mouse: capitalize("wireless mouse"),
  pen:   capitalize("gel pen"),
  snake: capitalize("unit_price")
}

{
  "mouse": "Wireless Mouse",
  "pen": "Gel Pen",
  "snake": "Unit Price"
}

Every word is capitalised, not only the first, and an underscore is treated as a word boundary and replaced by a space. Chapter 16 says the same of capitalize.

The selective form names what you use:

Example 300 — Import selected module functions.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import capitalize, camelize from dw::core::Strings
---
{
  label:     capitalize("usb-c hub"),
  field:     camelize("unit_price"),
  withSpace: camelize("unit price")
}

{
  "label": "Usb C Hub",
  "field": "unitPrice",
  "withSpace": "unit price"
}

capitalize treats a hyphen as a boundary too, turning "usb-c hub" into three words. camelize uses underscores: "unit_price" becomes unitPrice, while "unit price" comes back unchanged. The lack of an error makes source naming conventions worth checking. If incoming field names contain spaces, replace those with underscores before applying camelize.

The third form imports the module under a name and qualifies every call:

Example 301 — Alias a module import.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import dw::core::Strings as Str
---
{ one: Str::pluralize("order"), many: Str::singularize("boxes") }

{
  "one": "orders",
  "many": "box"
}

Str::pluralize says at the call site where the function came from. Without the as Str, import dw::core::Strings works the same way with the full name, Strings::pluralize; the alias is for typing.

I use the selective form by default. A wildcard import of Strings puts forty-odd names into scope. A reader has to search the script to tell which ones it uses. A selective import is also the one that fails early when a name is wrong:

Example 302 — Import a function that does not exist.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import capitalise from dw::core::Strings
---
capitalise("gel pen")

[ERROR] Error while executing the script:
[ERROR] Unable to resolve reference of: `capitalise`.

5| capitalise("gel pen")
   ^^^^^^^^^^
Location:
302-import-unknown-function (line: 5, column:1)
Unable to resolve reference of: `capitalise`.

3| import capitalise from dw::core::Strings
          ^^^^^^^^^^
Location:
302-import-unknown-function (line: 3, column:8)

Two locations in one error, the call and the import line, because the name resolved at neither. Misspell the module and the message changes shape:

Example 303 — Import a module that does not exist.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import * from dw::core::String
---
capitalize("gel pen")

[ERROR] Error while executing the script:
[ERROR] Unable to resolve module with identifier dw::core::String.

3| import * from dw::core::String
                 ^^^^^^^^^^^^^^^^
Location:
303-import-unknown-module (line: 3, column:15)

Unable to resolve module is the message for a module the runtime cannot find. The same message can identify an incorrect path to a project module.

A local declaration beats an import

If the script declares a function with the same name as one it imported, the script’s own wins:

Example 304 — Inspect a module name collision.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import * from dw::core::Strings
fun capitalize(s) = upper(s)
---
capitalize("gel pen")

"GEL PEN"

No warning that the imported capitalize was shadowed. A local declaration can hide an imported one without a warning. If a local helper needs a name the library uses, the qualified form, Str::capitalize, keeps both reachable.

Numbers: most of the maths is already global

dw::core::Numbers is not where the everyday arithmetic lives, and importing it looking for round is a common first mistake. round, floor, ceil, abs, mod, pow, sqrt, sum, avg, max and min are all in dw::Core, already in scope:

Example 305 — Calculate numeric aggregates and rounding.

Companion source.

Input payload — order.json:

{ "orderId": "A-1001", "customer": "Dana", "coupon": null, "tags": ["gift", null, "rush"],
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4, "note": null },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ] }

%dw 2.0
output application/json
var prices = [19.99, 5.00, 12.50]
---
{
  subtotal: sum(prices),
  average:  avg(prices),
  rounded:  round(avg(prices)),
  withVat:  round(sum(prices) * 1.2),
  lineTotals: payload.items map ($.price * $.qty),
  orderTotal: sum(payload.items map ($.price * $.qty)),
  biggest: max(payload.items.qty),
  emptySum: sum([]),
  emptyMax: max([]),
  halves: [2.5, 3.5] map round($)
}

{
  "subtotal": 37.49,
  "average": 12.49666666666666666666666666666667,
  "rounded": 12,
  "withVat": 45,
  "lineTotals": [
    10,
    12,
    10
  ],
  "orderTotal": 32,
  "biggest": 10,
  "emptySum": 0,
  "emptyMax": null,
  "halves": [
    3,
    4
  ]
}

The average, empty-array results and rounding each need a different decision from the consumer. avg prints thirty-two decimal places, because Number is arbitrary-precision and the writer prints what it has. If the value is going to a consumer, use the format schema shown earlier. sum([]) is 0 but max([]) is null, so an empty order’s largest quantity needs a default. And round goes half-up on both 2.5 and 3.5, giving 3 and 4. It is not banker’s rounding — a finance consumer that expects 2.5 to round to 2 will disagree with you by one cent, predictably.

avg on nothing is the one that does not return quietly:

Example 306 — Try averaging an empty array.

Companion source.

Use order.json as payload, as above.

%dw 2.0
output application/json
---
{ avgOfNothing: avg([]) }

[ERROR] Error while executing the script:
[ERROR] Division by zero

4709| fun avg(values: Array<Number>): Number = sum(values) / sizeOf(values)
                                               ^^^^^^^^^^^^^^^^^^^^^^^^^^^^
Trace:
  at dw::Core::avg (line: 4709, column: 42)
  at 306-numbers-core-fails::main (line: 4, column: 17) at:

4709| fun avg(values: Array<Number>): Number = sum(values) / sizeOf(values)
                                               ^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The error shows the library’s own source. avg is sum over sizeOf, written in DataWeave, and dividing by zero throws. Much of the library is written in DataWeave itself, and the trace shows you the line when it fails. That is how I learned sumBy is a seeded reduce, as discussed in chapter 13 without opening the docs.

The Numbers module itself is the specialist set, base conversions mostly. With import * from dw::core::Numbers, toHex(255) gave "ff", fromHex("ff") gave 255, toBinary(10) gave "1010", fromBinary("1010") gave 10, toRadixNumber(255, 16) gave "ff" and fromRadixNumber("zz", 36) gave 1295. toOctal does not exist; its import fails the way titleize did, at compile time, naming the function. And round(2.5) in the same script still gave 3: importing Numbers with * did not shadow the global round.

Reaching into a value

Temporal values expose components through selectors. Calendar and clock components shown here are numbers; .timezone returns a TimeZone:

Example 307 — Select temporal components.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:45.250-04:00|
---
{
  year:      placedAt.year,
  month:     placedAt.month,
  day:       placedAt.day,
  hour:      placedAt.hour,
  minutes:   placedAt.minutes,
  seconds:   placedAt.seconds,
  nanos:     placedAt.nanoseconds,
  dayOfWeek: placedAt.dayOfWeek,
  dayOfYear: placedAt.dayOfYear,
  quarter:   placedAt.quarter,
  timezone:  placedAt.timezone,
  offsetSeconds: placedAt.offsetSeconds
}

{
  "year": 2026,
  "month": 6,
  "day": 16,
  "hour": 14,
  "minutes": 30,
  "seconds": 45,
  "nanos": 250000000,
  "dayOfWeek": 2,
  "dayOfYear": 167,
  "quarter": 2,
  "timezone": "-04:00",
  "offsetSeconds": -14400
}

The plurals need care — .minutes, .seconds and .nanoseconds, but .hour and .day. .dayOfWeek is ISO-numbered, Monday 1 through Sunday 7, so 16 June 2026 is a Tuesday. A wrong name produces no error:

Example 308 — Try the singular minute selector.

Companion source.

%dw 2.0
output application/json
var placedAt = |2026-06-16T14:30:00-04:00|
---
{ minute: placedAt.minute }

{
  "minute": null
}

A selector on a temporal value follows the object-selector rule: an unknown key is null. .minute therefore compiles and runs, reporting every order as placed at minute null. The error reaches the consumer as data.

How to find the other two hundred

These examples cover perhaps forty functions. The DataWeave 2.12.3 module sources bundled with Mule 4.12.3 name 153 functions across the dw::core::* modules and another 81 in dw::Core itself. The module’s first-argument type and each function’s signature help you find the rest without memorising the catalogue. Three habits make that search easier.

Read the module page once. The modules split by the type they operate on — strings in Strings, arrays in Arrays, objects in Objects, numbers in Numbers, dates in Dates and Periods (chapter 22). Guess the module from the type of the first argument and skim its page. You will recognise firstWith faster than you would write it.

Start with the signature, then check the edge cases. sumBy(array: Array<T>, selector: (T) -> Number): Number describes the call in one line: an array, a function that pulls a number out of each element, a number back. The prose fills in behavior that signature cannot tell you. This chapter has shown which cases to look for — the empty array, the null, the missing key.

Let the error text be the reference. The messages above listed every overload of an operator and showed the library’s own source. A selective import of a name you are not sure of fails at compile time and says so. Guess the name, import it, run it: that loop is faster than any search box, and it is the loop chapter 15 builds the test workflow on.

Exercises

Find the coercion. Without running it, say what type each of these has: "6.00" * 1, "6.00" ++ "", "6.00" == 6, ("6.00" as Number) == 6. Then run them and check.

Show answer

Number (the * coerced), String (++ concatenated an empty string), Boolean and false (no coercion on ==, so a string is compared to a number), Boolean and true. Chapter 3’s Example 16 — Arithmetic and concatenation applies the same distinction to a supplier price.


The empty notes. payload.notes is "". Make it print "no notes". Run default first, watch it not work, then fix it.

Show answer

Example 309 — Distinguish empty text from null.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "status": "shipped",
  "coupon": null,
  "notes": "",
  "tags": ["gift", null, "rush"],
  "total": 32,
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  withDefault: payload.notes default "no notes",
  withIsEmpty: if (isEmpty(payload.notes)) "no notes" else payload.notes
}

{
  "withDefault": "",
  "withIsEmpty": "no notes"
}

default only replaces null, and "" is not null. isEmpty is true for null and for the empty string, array and object, which is what “no notes” means here.


A helper of your own on top of the module. Import everything from Orders, add a script-level discounted(order, pct) that applies a percentage to the subtotal, and print each order’s total after a 10% discount and tax. Run it with --path.

Show answer

Example 310 — Combine module and local helpers.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import * from Orders
fun discounted(order, pct) = subtotal(order) * (1 - pct)
---
payload map (order) -> { orderId: order.orderId, total: withTax(discounted(order, 0.10)) }

[
  {
    "orderId": "A-1001",
    "total": 31.104
  },
  {
    "orderId": "A-1008",
    "total": 11.178
  }
]

subtotal and withTax come from the module and discounted from the header, and the body cannot tell them apart. 32 * 0.9 * 1.08 is 31.104, printed with every digit; a "0.00" format schema from chapter 17 is how a receipt would round it.


Two copies, two aliases. With Orders.dwl at the root and a second copy under modules/, import both under different aliases and call each one’s withTax(100). Run it.

Show answer

Example 311 — Alias two module paths.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import Orders as Flat
import modules::Orders as Nested
---
{ flat: Flat::withTax(100), nested: Nested::withTax(100) }

{
  "flat": 108,
  "nested": 108
}

Two modules with the same base name coexist because the alias, not the file name, is what the script refers to. The same trick lets a script hold two versions of a module side by side during a migration.


Predict the winner. Wildcard-import Orders and then Pricing, call withTax(100), and write down the answer before you run it. Then make the script print both rates without renaming anything in either module.

Show answer

108: the first import owns the name. Swapping the lines gives 120. To get both:

Example 312 — Qualify colliding module functions.

Companion source.

Use orders.json as payload, as above.

%dw 2.0
output application/json
import Orders
import Pricing
---
{ orders: Orders::withTax(100), pricing: Pricing::withTax(100) }

{
  "orders": 108,
  "pricing": 120
}

Qualified names resolve each call to its module, and no wildcard was needed.


Defaults, then a split. Apply the defaults { currency: "USD", giftWrap: false, coupon: "NONE" } to the order header (everything except items and tags), then partition the lines into bulk (quantity four or more) and single, and total the bulk revenue. Run it. What happened to the coupon default, and why?

Show answer

Example 313 — Merge defaults and partition order lines.

Companion source.

Use order.json as payload, as above.

%dw 2.0
import mergeWith from dw::core::Objects
import sumBy, partition from dw::core::Arrays
output application/json
var defaults = { currency: "USD", giftWrap: false, coupon: "NONE" }
---
do {
  var merged = defaults mergeWith (payload - "items" - "tags")
  var split  = payload.items partition (i) -> i.qty >= 4
  ---
  {
    order:   merged,
    bulk:    split.success.sku,
    single:  split.failure.sku,
    bulkRevenue: split.success sumBy (i) -> i.price * i.qty
  }
}

{
  "order": {
    "currency": "USD",
    "giftWrap": false,
    "orderId": "A-1001",
    "customer": "Dana",
    "coupon": null
  },
  "bulk": [
    "PEN-01",
    "CLP-08"
  ],
  "single": [
    "PAD-22"
  ],
  "bulkRevenue": 20
}

The coupon is null, not "NONE". The payload has coupon: null as a real key, and a present key wins the merge even when its value is null. Strip the nulls from the override with filterObject (v) -> v != null before merging, or default the field.


Validate a script that imports a module. Run dw validate on the transform that imports orderTotal from orders::OrderMath. What does it report, and what is the check you should run instead?

Show answer

Compiling `01_import_name`...
[ERROR] Unable to resolve module with identifier orders::OrderMath.

2| import orderTotal from orders::OrderMath
                          ^^^^^^^^^^^^^^^^^
Location:
01_import_name (line: 2, column:24)
1 errors found

validate has no --path, so it cannot find project modules and reports every one as unresolved. The check is dw run -s -i payload=order.json --path=. -f …, which compiles the imports for real and exits 255 if anything is wrong.


Header scope and declaration order

A function body and a variable initializer do not have identical forward-reference rules. These small probes distinguish them, then show a local binding that shadows a header name.

Example 314 — Reject a variable forward reference.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
var total = sum(lineTotals)
var lineTotals = payload.items map ($.price * $.qty)
---
{ total: total }

[ERROR] Error while executing the script:
[ERROR] There is no variable named 'lineTotals'

3| var total = sum(lineTotals)
                   ^^^^^^^^^^
Trace:
  at 314-reject-a-variable-forward-reference::main (line: 3, column: 17) at:

3| var total = sum(lineTotals)
                   ^^^^^^^^^^

A variable initializer cannot directly select a later variable binding. This failure is a declaration-order rule, not an instruction to make bindings mutable.

Example 315 — Call a function that reads a later binding.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
var totals = payload.items map lineTotal($)
fun lineTotal(item) = item.price * item.qty
---
totals

[
  10,
  12,
  10
]

The function can refer to a later header declaration. This does not make all variable forward references legal: compare the preceding failure. Declaring constants before the helpers that use them keeps the distinction out of ordinary calling code.

Example 316 — Keep an inner rate local.

Companion source.

Input payload — orders.json:

[
  { "orderId": "A-1001", "customer": "Dana",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 4 },
      { "sku": "PAD-22", "price": 6.0, "qty": 2 },
      { "sku": "CLP-08", "price": 1.0, "qty": 10 }
    ] },
  { "orderId": "A-1008", "customer": "Femi",
    "items": [
      { "sku": "PEN-01", "price": 2.5, "qty": 1 },
      { "sku": "INK-03", "price": 3.0, "qty": 3 }
    ] }
]

%dw 2.0
output application/json
var taxRate = 0.08
fun withTax(amount) = do {
  var taxRate = 0.20
  ---
  amount * (1 + taxRate)
}
---
{ inDo: withTax(100), inHeader: 100 * (1 + taxRate) }

{
  "inDo": 120,
  "inHeader": 108
}

The inner taxRate is visible inside the do block and leaves the header binding unchanged. Both names are immutable; the different results come from two scopes. Distinct names usually communicate this exception better than shadowing.

Inspect a value

Use these probes when a source field looks right but reaches an operation with an unexpected type.

Example 317 — Inspect model value types.

Companion source.

Input payload — order.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "items": [
    { "sku": "PEN-01", "price": 2.5, "qty": 4 },
    { "sku": "PAD-22", "price": 6.0, "qty": 2 },
    { "sku": "CLP-08", "price": 1.0, "qty": 10 }
  ]
}

%dw 2.0
output application/json
---
{
  whole: typeOf(payload),
  id: typeOf(payload.orderId),
  items: typeOf(payload.items),
  price: typeOf(payload.items[0].price),
  qty: typeOf(payload.items[0].qty),
  missing: typeOf(payload.coupon),
  aKey: typeOf(keysOf(payload)[0]),
  date: typeOf(|2026-09-13|),
  dateTime: typeOf(|2026-09-13T09:15:00Z|),
  localDateTime: typeOf(|2026-09-13T09:15:00|),
  time: typeOf(|09:15:00Z|),
  localTime: typeOf(|09:15:00|),
  period: typeOf(|P2D|),
  zone: typeOf(|+02:00|)
}

{
  "whole": "Object",
  "id": "String",
  "items": "Array",
  "price": "Number",
  "qty": "Number",
  "missing": "Null",
  "aKey": "Key",
  "date": "Date",
  "dateTime": "DateTime",
  "localDateTime": "LocalDateTime",
  "time": "Time",
  "localTime": "LocalTime",
  "period": "Period",
  "zone": "TimeZone"
}

typeOf returns a Type value, whose name the JSON writer prints as text. Any is the common supertype. The temporal literals differ in the information they retain, as chapter 22 explained. A selected key can also carry metadata, which is why Key is distinct from String.

Example 318 — Inspect the same fields in a text feed.

Companion source.

Input payload — order_from_feed.json:

{
  "orderId": "A-1001",
  "customer": "Dana",
  "placed": "13/09/2026",
  "items": [
    { "sku": "PEN-01", "price": "2.50", "qty": "4" },
    { "sku": "PAD-22", "price": "6.00", "qty": "2" },
    { "sku": "CLP-08", "price": "1.00", "qty": "10" }
  ]
}

%dw 2.0
output application/json
---
{
  price: typeOf(payload.items[0].price),
  qty: typeOf(payload.items[0].qty),
  placed: typeOf(payload.placed)
}

{
  "price": "String",
  "qty": "String",
  "placed": "String"
}

The field names alone do not establish their types. This feed supplies price, quantity and date as strings. The conversions in chapters 3 and 21 establish the values that arithmetic and date operations need.






Versions and Verification


These are the versions the examples in this book were run against, not a claim
about what is current. A pinned baseline is what makes a printed result
reproducible; software released after this edition may behave differently.

What each chapter was run against


	Chapter	Run against


	Appendix A	DataWeave CLI 2.12.0, language runtime 2.12.2, in the companion’s pinned image.




What was run, and what was not

What each chapter established, and what it did not, in its own words.

Chapter 20 — Handle XML Namespaces and Content

Every XML claim above is pasted from the CLI. The reader options I did not exercise are supportDtd, externalEntities, maxEntityCount, indexedReader, collectionPath and streaming; the streaming one is chapter 24’s. The escapeGT, onInvalidChar and defaultNamespace writer options are named from the runtime’s own list and were not run.

Chapter 22 — Preserve Instants and Calculate Intervals

Every value printed above came from the CLI, whose JVM runs in UTC; now().timezone on a Mule runtime depends on the JVM’s zone, and that line of the now() output will differ there. dateTime() from dw::core::Dates with a named TimeZone failed on this runtime as shown, and I did not find a form that accepts one; treat “build a DateTime directly in a named zone” as unverified. Nothing else in the chapter is documentation-only.

Chapter 24 — Understand the Cost of a Transformation

The separate Mule HTTP probe verified a small deferred response, not performance or bounded memory. XML collection streaming at scale, repeatable-stream strategies, disk-spill limits and deferred-writer error handling remain unrun. The CLI measurements and the Mule response test answer different questions.

The saved measurements cover one generated dataset and a specific native executable. They do not establish production concurrency, network throughput, backpressure through a flow, worst-case record sizes or disk usage. The cgroup measurement does not isolate heap occupancy. The CLI’s acceptance of streaming=true also does not prove which internal strategy every operation ultimately used.

These limits identify the next experiment: a Mule test that reads the fixture through the intended connector, consumes the output through the intended destination, asserts the result, and records both heap and temporary disk behavior. Repeat the run with a late invalid record and a slow consumer. A pipeline that is fast until an error occurs has not yet demonstrated the failure behavior an operator needs.

Appendix C — Additional Formats and Mule Integration

Not run. The dw::test suite and the MUnit test above.

The dw::test suite is printed to show the shape the documentation describes; it failed to import in the CLI and was not run anywhere. The Mule-application module root (src/main/resources) and Anypoint Exchange packaging are from the documentation. spell, wizard and the repl were invoked only far enough to see what they are. Everything else in this chapter — every module error, import, validate result, exit code and diff — is pasted from the CLI. Exchange publication needs an Anypoint account and was not run. Neither the VS Code tooling nor its Maven plugin was stood up, so the dw::test suite was not run. The MUnit fragment was not run. No Mule project was stood up, so the src/main/resources module root is documentation-sourced.

The fixed-width reader was run for the single-record-type schema above. Tagged multiple-record schemas, flat-file writing and malformed-record recovery remain unrun. The CLI rejects both flat-file and Excel content types; the Excel section records the separate, small Mule workbook round trip. External Excel formatting and merged cells remain unrun. The streaming reader property is chapter 24’s. Everything else in this chapter, including every property named in the two option lists that appears in a script, is pasted from the CLI.

The small Mule probes establish their own results. They do not establish support for every Java class, external workbook feature or flat-file schema. Keep the unrun cases identified until their fixtures are executed on the intended runtime.
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Converting to local time loses information; shifting a zone preserves the instant.
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XML source Reader model Selection
Three item elements Three item keys item: array of three
Text and attributes Values remain strings as Number: conversion

A single-value selector can return one item from a multi-item order.
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CLI 2.12.0 / ENGINE 2.12.2 — RECORDED

Reader’s repeated keys Single-value selector

Attributes omitted in this view % payload.order.item
"Ballpoint pen"

item: "Ballpoint pen"

item: "Notepad" -

all three Multi-value selector

fitem: "Bincer elip® » payload.order.*item
["Ballpoint pen",
"Notepad", "Binder clip"]

\

No matching items: null. Use default [] when an empty collection is the contract.

Test zero, one and many items; a one-item fixture hides the loss.
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orderTotal — 32

Order input
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Helper assertions PASS
They never see the caller’s multiplication.

Whole-transform golden comparison FAILS
Expected total: 32 « Actual total: 38.4

Keep expected output committed; do not regenerate it before comparing.
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CLEAN TEXT BEFORE EXTRACTING ITS STRUCTURE

Supplier text Text operations Usable identifier
SKU:PEN-01 trim the boundary PEN-01
Whitespace and prefix extract the code Retains its meaning

Choose a pattern for the source contract, then test an unmatched value.
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CLI 2.12.0 / ENGINE 2.12.2 — RECORDED

Unseeded reduce

No first value

Empty input
i

Seeded reduce

acc=0

map changes each element; filter selects elements; reduce carries a result.
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CLI2.12.0 / ENGINE 2.12.2 — RECORDED

String input as Number Arithmetic
"2.50" 25 25*%4 510

"6.00" == 6 — false
("6.00" as Number) == 6 — true

One Number type does not establish a trailing-zero rendering rule.
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A-1001: three items order stays in scope Five lines
A-1008: two items item names one line Each retains orderld

Flattening removes a level; it does not recover a discarded relationship.
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[ payload }
N

shipping items

price: shipping charge PEN-01 price
PAD-22 price
CLP-08 price

payload..price includes BOTH branches. payload.items.price includes only items.

Choose the subtree before gathering values with the same key.
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SKU labels stand for full line objects. Both PEN-01 lines survive grouping.

Choose map, mapObiject or pluck from the shape you have and the shape you need.
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A LOOKUP NEEDS A POLICY FOR ABSENT AND REPEATED KEYS

Order SKU Catalogue lookup Enriched lines
PEN-01 One PEN-01 entry Product name
CLP-08 No CLP-08 entry Documented fallback

A join can return multiple matches; check the resulting line count.
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AN OBJECT CALLBACK CAN CHANGE NAMES AND VALUES

Source object mapObject Result object
pen: 4 value, key, index Dynamic output keys
pad: 2 Return field pairs Calculated values

mapObject returns an object; pluck returns an array.
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CLI2.12.0 / ENGINE 2.12.2 — RECORDED
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Excerpt from the chapter fixture; the cutoff is quantity three or more.
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CLI2.12.0 / ENGINE 2.12.2 — RECORDED

String input as Number Arithmetic
"2.50" 25 25*4 510

"6.00" == 6 — false
("6.00" as Number) == 6 — true

One Number type does not establish a trailing-zero rendering rule.
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orderld: A-1001 payload.orderld reference: A-1001
customer: Dana payload.customer buyer: Dana

Source paths and destination field names are separate choices.
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A CALL SUPPLIES VALUES FOR THE PARAMETERS

Arguments lineTotal(price, qty) Return value
price = 2.5 price * gty 10
qty =4 25*4 One numeric result

The same function can calculate another line from different arguments.
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AN ABSENT VALUE NEEDS A STATED DECISION

Input total Condition Delivery choice
99.99 total >= 100 standard
100.00 false / true free

Check both sides of a boundary; default only replaces null or absence.
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The conditional itself is a value; the outer expression becomes the output.
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Input array Callback Output array
25,6,1 (price) -> price * 2 5,12,2
Three values One call per value Three results, same order

map preserves position and count; the callback decides each result.
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A SORT KEY AND A DISTINCT KEY ANSWER DIFFERENT QUESTIONS

Order lines Choose a key Two possible results
PEN-01, gty 4 Sort by quantity Sorted: both lines
PEN-01, gty 1 Distinct by SKU Distinct: first SKU only

Define identity before removing a line that looks like a duplicate.
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ONE EXPRESSION SUPPLIES THE RESULT

Script header Body expression JSON result
%dw 2.0 { greeting: One object
output application/json "Hello, DataWeave!" } One greeting field

The separator ends the header; the body constructs the value.
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