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Abstract:

This Standard describes an ECMAScript application programming interface (API) for content-to-
runtime-services communication. It is based on a current industry practice called "CMI—
Computer Managed Instruction." This API enables the communication of information between
content and a runtime service (RTS) typically provided by a learning management system (LMS)
via common API services using the ECMAScript language. The purpose of this Standard is to
build consensus around, resolve ambiguities, and correct defects in existing specifica-
tions for an ECMAScript API for exchanging data between learning-related content and an LMS.
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Introduction

(This introduction is not a part of P1484.11.2, Draft Standard for ECMAScript API for Content to
Runtime Services Communication.)

This document describes a learning content ECMAScript API to support the data transfer needs of
content with a runtime service in a Web-browser-based content delivery environment. This docu-
ment provides a starting point for specifying a data communication channel and methods to
support the data transfer needs of training and human performance support content. The capabili-
ties of this API model can be extended as other communication needs or methods arise.
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Draft Standard for Learning Technology—ECMAScript
Application Programming Interface for Content to
Runtime Services Communication

1. Overview

The scope and purpose of this Standard are discussed in subclauses 1.1 and 1.2.

1.1 Scope

This Standard describes an ECMAScript application programming interface (API) for content-to-
runtime-services communication. This Standard is based on an API defined in the "CMI Guide-
lines for Interoperability,” version 3.4 [A1]', defined by the Aviation Industry CBT Committee
(AICC). It defines common API services in the ECMAScript language that enable the communi-
cation of information between learning-related content and a runtime service (RTS) used to sup-
port learning management. This Standard does not address the data structures that may be trans-
mitted, data security, or communication between an RTS and a related management system.

1.2 Purpose

There is widespread acknowledgement that the ECMAScript API for content-to-runtime-services
communication defined in the AICC "CMI Guidelines for Interoperability", version 3.4, has broad
applicability to systems used for learning management. The purpose of this Standard is to build
consensus around, resolve ambiguities, and correct defects in this ECMAScript API for exchang-
ing data between learning-related content and a runtime service used to support learning man-
agement.

'The numbers in brackets correspond to those of the bibliography in Annex A.

Copyright © 2002 IEEE. All rights reserved.
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132 2. Normative references
133 This Standard shall be used in conjunction with the following publication.

134 ISO/IEC 16262:1998, Information technology—ECMAScript language specification.
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135 3. Definitions

136 For purposes of this Standard, the following terms and definitions apply. IEEE 100, The
137 Authoritative Dictionary of IEEE Standards Terms, Seventh Edition [A2], should be ref-
138  erenced for terms not defined in this Clause.

139  application programming interface (API): A set of standard software interrupts, calls,
140  functions, and data formats that can be used by an application program to access network
141  services, devices, or operating systems.

142 application programming interface implementation: An implementation of this Stan-
143 dard that supplies the services of the application programming interface, in contrast to an
144  implementation of this Standard that uses the application programming.

145  application programming interface instance: An individual execution context and
146  state of an application programming interface implementation. Note: The notion of "exe-
147  cution context" in this Standard is same as in ECMAScript.

148  communication session: An active connection between a content object and an applica-
149  tion program interface implementation.

150 content object: A collection of digital content that is intended for presentation to a
151  learner by a learning system. A content object may include learning material and process-
152  ing code. Example: A content object might be an HTML page with an embedded video
153 clip and an ECMAScript.

154  Document Object Model (DOM): A platform- and language-neutral interface that will
155  allow programs and scripts to dynamically access and update the content, structure and
156  style of documents [A3]. The document can be further processed, and the results of that
157  processing can be incorporated back into the presented page.

158  ECMAScript: An object-oriented programming language for performing computations
159 and manipulating computational objects within a host environment as defined by
160  ISO/IEC 16262:1998.

161 implementation behavior: Observable actions or appearance of an implementation. See
162  also: implementation-defined behavior; undefined behavior; unspecified behavior.

163  implementation-defined behavior: Unspecified behavior for which each implementa-
164  tion documents how the choice among the available alternatives is made. Example: Per-
165  mitting a maximum size, as measured in octets, of a coding. See also: implementation
166  behavior; undefined behavior; unspecified behavior.

167  launch (v.): To cause a content object to be delivered to a learner.

168  learner: An individual engaged in acquiring knowledge or skills with a learning tech-
169  nology system.

Copyright © 2002 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change. 7
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170  learning content: Digital content intended for use in a learning experience.

171  learning management system (LMS): A computer system that may include the capa-
172  bilities to register learners, schedule learning resources, control and guide the learning
173 process, analyze and report learner performance, and schedule and track learners.

174  NOTE—Some implementations of LMSs also have the ability to launch and deliver content. For
175  this Standard, these capabilities are known as a runtime service (RTS).

176  runtime service (RTS): Software that controls the execution and delivery of learning
177  content and that may provide services such as resource allocation, scheduling, input-
178  output control, and data management.

179  undefined behavior: Implementation behavior for which a standard imposes no re-
180  quirements. Possible undefined behaviors include, but are not limited to: ignoring the
181  situation completely, unpredictable results, behaving in a documented manner character-
182  istic of the environment, and terminating processing. See also: implementation behav-
183  ior; implementation-defined behavior; unspecified behavior.

184  unspecified behavior: Implementation behavior for which a standard provides two or
185  more alternatives and imposes no further requirements on what is chosen in any instance.
186  See also: implementation behavior; implementation-defined behavior; undefined
187  behavior.

188

Copyright © 2002 IEEE. All rights reserved.
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4. Conformance

Conformance to this Standard is discussed in subclauses 4.1 through 4.4.

4.1 Behavior

In this Standard, "shall" is to be interpreted as a requirement on an implementation; "shall not" is
to be interpreted as a prohibition. This standard defines undefined behavior in the following ways:

— if a "shall" requirement or "shall not" prohibition is violated;
— by the words "undefined behavior"; and
— by the omission of any explicit definition of behavior.

There is no difference in emphasis among these ways; they all describe "behavior that is unde-
fined."

NOTE 1—"Unspecified behavior" and "implementation-defined behavior" both describe conforming be-
havior. With "unspecified behavior," several choices may be possible. This Standard does not specify
which one is chosen, and the implementation is not required to "define" (i.e., tell in advance) which set of
behaviors it has chosen. Similarly, with "implementation-defined behavior," several choices may be possi-
ble and this Standard does not specify which one is chosen. However, the implementation is required to
"define" (i.e., tell in advance) which set of behaviors it has chosen.

NOTE 2—"Implementation behavior" describes observable action or appearance, which may be conform-
ing or nonconforming. "Undefined behavior" describes nonconforming implementations of this Standard.

4.2 APl implementation

A conforming ECMAScript API implementation shall

— be instantiated as an object within the Document Object Model (DOM) [A4] environment
of the content object as specified in Clause 6, API instantiation and binding;

— conform to the state model in Clause 7, Content communication state model; and

— implement all methods and error returns, as specified in Clause 8, ECMAScript API meth-
ods and syntax.

4.3 Content object use of an APl implementation

A conforming content object shall

— find an API implementation as an ECMAScript-compatible object within the DOM envi-
ronment of the content object as described in Clause 6, API instantiation and binding;

— call Tnitialize ()after the content object is launched and has located the API imple-
mentation before calling any other method (see subclause 8.1.1);

— call Terminate () when the content object determines it no longer needs to communicate
with the API implementation or is unloaded, whichever happens first (see subclause
8.1.2);

— not call any data-transfer method or Tnitialize () after Terminate () has been called;
and

Copyright © 2002 IEEE. All rights reserved.
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— use conforming syntax when calling any optional data-transfer methods (see subclause
8.2) or when calling any optional support methods (see subclause 8.3).

A content object strictly conforms to this Standard if it does not depend on implementation-
defined behavior or unspecified behavior.

NOTE—It is anticipated, but not required, that a conforming content object will call one or more data-
transfer methods. Without such calls, an RTS can only make inferences about the communication session,
such as elapsed time, and specific data is neither explicitly received nor explicitly transmitted during the
communication session.

4.4 Outside of scope

The following are outside of the scope of conformance to this Standard:

— the contents of the GetDiagnostic ("parameter") implementation (see subclause
8.3.3); (They are particular to the stakeholders interested in using this method and not to
all implementers generally.)

— the semantics and behavior associated with specific data model elements, as associated
with the retrieve data and store data methods (see subclauses 8.1.1 and 8.1.2);

— the choice of language of implementation for the API implementation and backend com-
munication.

— whether a data-transfer cache is implemented and where it is implemented;

— Dbehavior of the API implementation after abnormal termination of communication;

— the implementation of the API;

— how an API implementation processes a call to the commit method (see subclause 8.2.3);
and

— how to initialize communication between an APl implementation and a content object.

Copyright © 2002 IEEE. All rights reserved.
This is an unapproved IEEE Standards Draft, subject to change. 10
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5. Conceptual model

This Clause presents a conceptual model for communication between a content object and an RTS
using an implementation of the ECMAScript API.

(This Clause is informative and not normative.)

5.1 Simplified learning content ECMAScript APl communication model

Figure 1 shows how the learning content ECMAScript API implementation works at its most ba-
sic level. An RTS refers to that part of an environment, typically an LMS, that delivers content to
a learner.

Figure 1—Learning content ECMAScript APl model

This conceptual model applies to both connected and disconnected delivery of content objects.
Possible implementations include

— the RTS resides on a server;
— the RTS resides on a client; and
— the RTS is distributed between a client and a server.

Regardless of how they are used, the concept is the same—a common set of communication
methods is implemented in the API implementation.

The common implementation of this model is in an environment (Web-browser-based delivery)
where a content object initiates all communication. This communication model makes no provi-
sion for communication initiated by an RTS to the content object.

Interoperability is achieved by sending requests through the shared communication methods im-
plemented in the API. Communication behavior and method interfaces are the same for every in-
stance of an API implementation. The contents of the communications may be whatever is mean-
ingful and agreed upon by different communities of practice. Nevertheless, the behavior of each
agent (e.g., content object, RTS) implementing an API may be specific to its role.

Copyright © 2002 IEEE. All rights reserved.
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NOTE 1—Because of potential communication latency between an API implementation and persistent
data storage, a common optimization may be a cache associated with the API implementation itself. This
Standard provides a method that allows a content object to set the value of any number of data items and
then signal the API implementation that the data values held in the cache, if it exists, can be committed to
more permanent storage. Whether a cache is implemented and where it is implemented are outside of the
scope of this Standard. Caching behavior is transparent to the content object. To the content object, it ap-
pears that all gets and sets of data values are to persistent storage. How an API implementation processes a
call to the commit method call is also outside of the scope of this Standard. Other than the commit method,
this Standard does not specify any other caching methods or behaviors or any transaction methods or be-
haviors. For example, there are no transaction start or rollback methods.

NOTE 2—A particular binding may specify that one or more data elements are session specific, read only,
transient, or disposable. In such cases, the specified elements may not be available for future use, including
being unavailable for use by a later communication session of the same content object by the same user.
Writers of data binding specifications are encouraged to identify such special-case elements as well as all
expected transformations of such elements through both single- and multiple-session transitions.

5.2 Basic Scenario

The basic scenario for communication is discussed subclauses 5.2.1 and 5.2.2.

5.2.1 Environment and preparations

As depicted in Figure 1, an RTS implements an API in the content object's environment. The im-
plementer incorporates in the content object the capability to discover and communicate with an
API implementation. An LMS or the front-end to a content repository (local or remote) provides
an RTS for the learner. The RTS either delivers a content object to the learner and starts it, or
launches a URI to initiate the content object.

NOTE—A content object has integrated procedures to locate an API implementation as described in sub-
clause 5.2.2.

5.2.2 Sequence of operations

The RTS initiates the launch of a content object. As the content object starts up, it searches for the
API implementation. After verifying that the API implementation is accessible in the content ob-
ject's environment, the content object initializes a communication session through the instance
that has been located.

All subsequent communication is part of this communication session until it is ended. The content
object may request data through the API implementation. Through the API implementation, the
RTS returns the requested data or a message identifying an error condition. While running, con-
tent may send or set data-model data elements for storage across communication sessions. The
RTS may use data elements or other data in reports on a learner's status with that content. The
content object may elicit a more detailed error message.

The content object may continue communicating in this fashion, requesting and sending data until
a learner finishes a content object, a learner terminates the communication session before finish-
ing, or the communication session is abnormally terminated (e.g., loss of power, system crash). In
the first two cases, the content object tells the API implementation that it is closing the communi-
cation session. In the last case, the RTS will not receive a signal through the API implementation

Copyright © 2002 IEEE. All rights reserved.
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that the communication session is closed. The RTS will need to deal with the abnormal event ac-
cording to API implementation specifications. (Such specifications are outside of the scope of this
Standard.)

Summary of the expected sequence of operations

a) The RTS instantiates the API implementation in the content DOM and initiates launch of a
content object.

b) The content object locates the API instance. (Note—This is a required action of the con-
tent.)

c) The content object invokes the initialize communication session method of the API im-
plementation prior to calling any other method. (Note—This use of this session method is
a required action of the content.)

d) If the content invokes one or more data-retrieval requests through the API implementation,
the RTS returns the data or an appropriate error message through the API implementation.
Although calls to retrieve data (data-transfer methods) are optional actions of the content
object, the API implementation returns a value or message if a call is made.

e) If the content object invokes one or more data-storage requests through the API imple-
mentation, the RTS returns an acknowledgement, either "true" or "false" and sets an
appropriate error status, either "0" for no error or an error number. Although calls to store
data (data-transfer methods) are optional actions of the content object, the API implemen-
tation attempts to store valid data and returns an acknowledgement, as well as makes
available an error-status value to be returned on request by the content object.

f) If the content object invokes one or more of the predefined support methods through the
API implementation, the RTS responds appropriately with data or messages through the
API implementation. Although calls for support methods are optional actions of the con-
tent object, the API implementation returns a value or message if a request is made.

g) The content object invokes the termination method of the API implementation. (Note—
This use of this session method is a required action of the content object.)

h) The API implementation rejects any attempt by this instance of the content object to reini-
tialize communication.

5.3 Implementation for Web-browser-based content

As shown in Figure 1, the API implementation uses ECMAScript-compatible methods that can be
called by the content object. From the point of view of the content object, the key attributes of the
ECMAScript API are

— methods are invoked using ECMAScript-compatible calls;

— all parameters and values are passed as character strings;

— method names are case sensitive;

— communication is invoked by content objects only; and

— integers, reals, and times are be encoded as they would be by the ECMAScript-to-string
cast conversion.

The RTS instantiates an API implementation within the content object DOM. The content object
finds the API implementation and establishes communication by calling the initialize communica-
tion session method defined within this Standard. The content object uses the first API implemen-
tation found according to the precedence rules specified in Clause 6.

Copyright © 2002 IEEE. All rights reserved.
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An API implementation need not be implemented in ECMAScript, but the APl implementation
has to support the ECMAScript API.

NOTE I—Implementation of an API is outside of the scope of this Standard. For example, an API imple-
mentation can be written in any language, as long as the ECMAScript calls are supported. An API imple-
mentation can shield a content object from particular server-side communication protocols, technology,
and requirements for communicating with content or backend services. The particular implementation
needs of an implementer are hidden behind a common, shared set of communication methods. This ap-
proach shields content object and RTS providers from needing to implement an API that is unique to each
content or RTS implementer. The ECMAScript calling convention gives wide latitude to implementers.
NOTE 2—The API instance is typically placed within the content object DOM by the RTS. The API in-
stance is either embedded in the content page, or in a frameset or window on a learner's Web
browser. Finding and establishing communication with the API instance typically occurs immediately after
the content object is launched.

NOTE 3—More than one API instance may exist in a DOM instance as shown in Figure 2. For example,
this may occur if a content object acts as an RTS for another content object. The precedence rules in
Clause 6 for locating the API instance ensure that the proper API implementation is found by each content
object.

Figure 2—Multiple APl implementations in the same DOM instance

NOTE 4—Different user communities have specific rules about the kinds of software that is permitted and
prohibited in Web-browser-based environments. For example, some prohibit the use of plug-ins of any
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kind for security reasons. Likewise, Java applets, ECMAScript code or other means used to implement or
support the API methods may need to be signed by a trusted authority to properly function within certain
security configurations of a Web browser when API communication spans domains. These restrictions may
limit the applicability of this Standard in these communities and environments.

5.4 ECMAScript API extensibility

Adopters of this Standard are encouraged to fit their communication needs into the general mes-
saging structure identified in Clause 5. If needed, this conceptual communication model can be
extended by introducing new methods, error codes, and error descriptions.
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6. APl instantiation and binding

The instantiation of an API implementation and the detection of the instance by a content object
are discussed in subclauses 6.1 through 6.3.

NOTE—In this Clause, "window" is a DOM window object.

6.1 Instantiation of an instance of an APl implementation

An API implementation shall be instantiated in the DOM environment of the content object be-
fore the content object is launched. This instantiation shall be an object named API 1484 11.

The API implementation may be instantiated in any of the following DOM elements, in order of
preference:

a) the chain of parents of the window within which the content object is launched, up to and
including the top window of the Web browser;

b) the opener window of the window within which the content object is launched, if any; and

c) the chain of parents of the opener window, if any exist, up to and including the top win-
dow of the Web browser.

6.2 Multiple instances

An environment that supports multiple concurrent content objects shall provide a separate in-
stance of an API implementation for each content object. Only a single instance of an API imple-
mentation may be instantiated in any particular DOM element.

6.3 Binding a content object to an API instance

To use the API, a content object shall locate an instance of the API. The content object shall look
for an instance of the API implementation in the following locations, in order of precedence, and
stop as soon as an instance is found:

a) the chain of parents of the current window, if any exist, until the top window of the parent
chain is reached;

b) the opener window, if any; and

c) the chain of parents of the opener window, if any exist, until the top window of the parent
chain is reached.

NOTE—This order of precedence in searching for an instance of an API implementation ensures that a
content object may act as an RTS for another content object. If the order of precedence were to look in the
top window first, for example, a nested content object would find the wrong instance.

(The remainder of this subclause is informative.)

A content object may follow a simple algorithm to find an instance of an API implementation.

— Step 1: follow the algorithm until an instance is found;
— Step 2: when found, return the instance and exit the "find API instance" routine; or

Copyright © 2002 IEEE. All rights reserved.
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421 — Step 3: if not found, return a null and exit the routine.

422 A sample ECMAScript implementation of this algorithm tested with several Web browsers is
423 provided below. This sample is informative and may not be an optimal implementation.

424 var nFindAPITries = 0;

425 var API = null;

426 var maxTries = 500;

427

428 function ScanForAPI (win) {

429 while ((win.API 1484 11 == null) && (win.parent != null) &&
430 (win.parent != win)) {

431 nFindAPITries ++;

432 if (nFindAPITries > maxTries) {

433 alert ("Error in finding API instance -- too deeply
434 nested.");

435 return null;

436 }

437 win = win.parent;

438 }

439 return win.API 1484 11;

440 }

441

442 function GetAPI () {

443 if ((win.parent != null) && (win.parent != win)) {
444 API = ScanForAPI (window.parent) ;

445 }

446 if ((API == null) && (window.opener != null)) {
447 API = ScanForAPI (window.opener) ;

448 }

449 }

Copyright © 2002 IEEE. All rights reserved.
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7. Content communication state model

This Clause defines how an API implementation shall behave in response to calls from a content
object. It does not define the behavior of the API-to-RTS communication. The behavior is de-
scribed in terms of the state transitions for each of the events (versus describing them as the tran-
sitions for each event in each state).

It is not a requirement that a specific implementation of an API uses a formal state model or that
an API implementation encodes or otherwise represents these specific states or this specific state
model. It is required that an API implementation shall provide the described behavior.

7.1 Communication states

Three states exist for each instance of communication between the content object that is launched
and the RTS or its agent, the API implementation. The state model defines the behavior for each
instance.

Communication state

The following states are mutually exclusive:

— not initialized,
— running, and
— terminated.

The initial API implementation state (before the content object is launched) shall be "not initial-
ized".

NOTE—While it is possible to define the state model only in terms of "not initialized" and "running," add-
ing the "terminated" state provides for future expansion of the model.

Error state

The following states are mutually exclusive:

— no error (numeric error code value is 0), and
— error (numeric error code value is > 0).

The initial error state (before the content object is launched) shall be "No error" (numeric error
code value "0™).

7.2 Events

Events are the calls and actions that a content object may explicitly invoke on an API implemen-
tation and the action or actions resulting from a call. These are also the state transitions. There is
one event for launch and one for each method of the API implementation.
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This is an unapproved IEEE Standards Draft, subject to change. 18



481

482
483

484

485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504

505

506
507
508

509

510
511
512
513
514
515
516
517
518
519
520
521
522
523

16 January 2003 Draft P1484.11.2/D2

7.2.1 Initialize communication session event

The initialize communication session event occurs when the content object calls the initialize
communication session method to enable communication with the API implementation.

Initialize communication session event behavior

a) Content calls the API instance with the initialize communication session method after
finding the API instance.
b) When the communication state is “not initialized” and initialization of communication
succeeds, the API instance
1) sets the communication state to "running";
2) sets the error state to "0" (No error); and
3) returns "true" to the calling content object.
¢) When the communication state is "not initialized" and initialization of communication
fails, the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "102" (General initialization failure); and
3) returns "false" to the calling content object.
d) When the communication state is "running", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "103" (Already initialized); and
3) returns "false" to the calling content object.
e) When the communication state is "terminated", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "104" (Content instance terminated); and
3) returns "false" to the calling content object.

7.2.2 Terminate communication session event

The terminate communication session event occurs when the content object calls the terminate
communication session method to terminate communication between the content object and the
API implementation (except for error handling).

Terminate communication session event behavior

a) Content calls the API instance with the terminate communication session method when
content is ready to cease communications.
b) When the communication state is "running" and terminating communication succeeds, the
API instance
1) sets the communication state to "terminated";
2) sets the error state to "0" (No error); and
3) returns "true" to the calling content object.
c) When the communication state is "running" and termination of communication fails, the
API instance
1) makes no change to the communication state’s value;
2) sets the error state to "111" (General terminate failure); and
3) returns "false" to the calling content object.
d) When the communication state is "not initialized", the API instance
1) makes no change to the communication state’s value;
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e)

2) sets the error state to "112" (Attempt to terminate before initialize); and
3) returns "false" to the calling content object.

When the communication state is "terminated", the API instance

1) makes no change to the communication state’s value;

2) sets the error state to "113" (Attempt to terminate after terminated); and
3) returns "false" to the calling content object.

7.2.3 Retrieve data event

The retrieve data event occurs when the content object calls the retrieve data method to obtain a
value for a data element of a data model via the API implementation.

Retrieve data event behavior

a)
b)

d)

Content calls the API instance with the retrieve data method when content wants to re-
trieve data stored in the RTS.
When the communication state is "running" and the API instance succeeds in retrieving
the requested data from the RTS, the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "0" (No error); and
3) returns the requested data to the calling content object.
When the communication state is "running" and the API instance fails to retrieve the re-
quested data from the RTS, the API instance
1) makes no change to the communication state’s value;
2) sets the error state to the most appropriate of the following:
i) “401” (Undefined data model element);

ii) “402” (Unimplemented data model element);

i) “403” (Data model element value not initialized);

iv) “405” (Data model element is write only); or

v) "301" (General get failure); and
3) returns "" (an empty string) to the calling content object.
When the communication state is "not initialized", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "122" (Attempt to get before initialize); and
3) returns "" (an empty string) to the calling content object.
When the communication state is "terminated", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "123" (Attempt to get after terminate); and
3) returns "" (an empty string) to the calling content object.

7.2.4 Store data event

The store data event occurs when the content object calls the store data method to set a value for a
data element in the data model via the API implementation.

NOTE—Data may be cached or passed on directly to the RTS by the API instance as the result of a call to
the store data method.
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Store data event behavior

a)
b)

d)

Content calls the API instance with the store data method when content wants to store data
in the RTS.
When the communication state is "running" and the API instance succeeds in setting the
data, the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "0" (No error); and
3) returns "true" to the calling content object.
When the communication state is "running" and the API instance fails to set the specified
data to the RTS, the API instance
1) makes no change to the communication state’s value;
2) sets the error state to the most appropriate of the following:
i) “401” (Undefined data model element);

i) “402” (Unimplemented data model element);

iii) “403” (Data model element vale not initialized);

iv) “404” (Data model element is read-only);

v) “406” (Data model element type mismatch); or

vi) "351" (General set failure); and
3) returns "false" to the calling content object.
When the communication state is "not initialized", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "132" (Attempt to set before initialize); and
3) returns "false" to the calling content object.
When the communication state is "terminated", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "133" (Attempt to set after terminate); and
3) returns "false" to the calling content object.

7.2.5 Commit data event

The commit data event occurs when the content object calls the commit data method to request
that the API implementation flush any cached data to the persistent data store of the RTS. If the
API instance does not cache data, the behavior shall be consistent with that of an API instance
that succeeds in transmitting the cached data to the RTS.

Commit data event behavior

a)
b)

c)

Content calls the API instance with the commit data method when content wants the API
instance to store all cached data in the RTS.

When the communication state is "running" and the API instance succeeds in transmitting
the cached data to the RTS, the API instance

1) makes no change to the communication state’s value;

2) sets the error state to "0" (No error); and

3) returns "true" to the calling content object.

When the communication state is "running" and the API instance fails to commit the
specified data to the RTS, the API instance

1) makes no change to the communication state’s value;

2) sets the error state to "391" (general commit failure); and

3) returns "false" to the calling content object.
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d) When the communication state is "not initialized", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "142" (Attempt to commit before initialize); and
3) returns "false" to the calling content object.

e) When the communication state is "terminated", the API instance
1) makes no change to the communication state’s value;
2) sets the error state to "143" (Attempt to commit after terminate); and
3) returns "false" to the calling content object.

7.2.6 Get error code event

The get error code event occurs when the content object calls the get error code method to get the
error code from the API implementation.

Get error code event behavior

a) Content calls the API instance with the get error code method when content wants to re-
trieve the latest error state from the API instance.

b) Regardless of the communication state ("not initialized", "running", "terminated"), the
API instance
1) makes no change to the communication state’s value; and
2) returns the error state to the calling content object (e.g., "301").

7.2.7 Get error string event

The get error string event occurs when the content object calls the get error string method to re-
turn the error text for the error code associated with the method parameter.

Get error string event behavior

a) Content calls the API instance with the get error string method when content wants to re-
trieve the textual message associated with an error code from the API instance.

b) Regardless of the communication state ("not initialized", "running", "terminated"), the
API instance
1) makes no change to the communication state’s value; and
2) returns the text for an error code when the requested error code is known; or

3) returns "" (an empty string) when the requested error code is unknown.
7.2.8 Get diagnostics event

The get diagnostics event occurs when the content object calls the get diagnostics method to re-
turn extended diagnostic information.

Get diagnostics even behavior

a) Content calls the API instance with the get diagnostics method when content wants to re-
trieve the implementation-specific diagnostic information associated with an error state
from the API instance.

b) Regardless of the communication state ("not initialized", "running", "terminated"), the
API instance
1) makes no change to the communication state’s value; and
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2) returns the diagnostic information, (if implemented) for an error state when the re-

quested error state code is known; or
3) returns ""
diagnostics method is not implemented.
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8. ECMAScript APl methods and syntax

The ECMAScript API includes three kinds of methods

— session methods—used to mark the beginning and end of communication between a con-
tent object and an RTS through the API implementation;

— data-transfer methods—used to transfer data model values between a content object and
an RTS through the API implementation; and

— support methods—used for auxiliary communications (e.g., error handing) between a
content object and the API implementation or RTS.

The API implementation shall conform to ECMAScript calling conventions as specified by
ISO/IEC 16262:1998. The parameters and return values shall be of type character string. The syn-
tax and conventions used for methods are shown below.

method label ( [parameter [ , parameter ]] )

— amethod's label shall be case sensitive; and
— square brackets are used to indicate additional parameters, as described in each method's
specifications.

Examples:

— method a () // requires no parameters
— method b ( paraml ) // requires exactly one parameter
— method c ( paraml, param?2 ) // requires exactly two parameters

NOTE 1—White space is used in this Clause to improve readability and is not required by ECMAScript.
NOTE 2—This Standard does not specify the data bindings of parameters.

8.1 Session methods

Sessions methods are used to initiate and terminate data communication between an API imple-
mentation and a single instance of a content object during a single communication session.

8.1.1 Initialize communication session method

Interface syntax
return status = Initialize (parameter)

Description

This method is used to initiate communication between a content object and an instance of the
API implementation. Until the communication state has changed to "running" and a call to this
method has returned "true", any call to another API method results in behavior as defined in
subclause 7.2.

NOTE 1—Conformance for content objects requires that Initialize () be the first method called.
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NOTE 2—Subsequent calls to ITnitialize () after the initial call has returned "t rue" do not reinitialize
the communication session (see subclause 7.2.1).

Control inputs

Called as an ECMAScript API function. Enables communication.

Control outputs

Always returns from function call. The API implementation shall take whatever actions needed to
initialize communication with this instance of the content object. If communication for this in-
stance of the content object was already enabled, no attempt to re-enable communication shall be
made and an error shall be returned (see subclause 7.2.1).

Data inputs
— parameter: An empty character string ("").

The API implementation shall accept a call to this method as enabling communication.

NOTE—The default parameter is an empty character string (""). Future editions of this Standard may
specify the meaning of non-empty character strings.

Data outputs

The character string value "true" shall be returned if initialization was successful. Otherwise,
the character string value "false" shall be returned. If this method returns "false", the API
implementation shall set the error code to a value specific to that error, and the content object may
call GetLastError () to determine the nature of the error (see subclause 8.3.1).

Example

//Initialize communication
status = Initialize("")

8.1.2 Terminate communication session method

Interface syntax
return status = Terminate (parameter)

Description

This method is used to terminate communication between a content object and an instance of the
API implementation. If this method returns "false" the API behavior shall be as defined in sub-
clause 7.2.

NOTE—If Terminate () returns "false", the content object can call GetLastError () to determine
whether the failure was because the session had already been terminated (see subclause 8.3.1).

Control inputs

Called as an ECMAScript API function. Ends communication.
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Control outputs

Always returns from function call. The API implementation shall ensure all valid data has been or
is written to the appropriate persistent store. This implies an implicit Commit ("") (see subclause
8.2.3).

Data inputs
— parameter: An empty character string ("").

The API implementation shall accept a call to this method as ending communication.

NOTE—The default value is an empty character string (""). Future editions of this Standard may specify
the meaning of non-empty character strings.

Data outputs

The character string value "true" shall be returned if termination was successful. Otherwise,
"false" shall be returned. When the method returns "false", the API implementation shall set
the error code to a value specific to that error, and the content object may call GetLastError ()
to determine the nature of the error (see subclause 8.3.1).

Examples

//Terminate communication
status = Terminate ("")

8.2 Data-transfer methods

Data-transfer methods are used to direct the storage and retrieval of data that is to be available
within the current communication session.

NOTE—Typically, data which is available in the current communication session will be stored for future
use.

8.2.1 Retrieve data method

Interface syntax
return_value = GetValue (parameter)

Description

This method requests the information associated with parameter.

Control inputs

Called as an ECMAScript API function.
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Control outputs

Always returns from function call.

Data inputs

— parameter: The complete identification of an element within a data model, including the
identification of the data model (e.g., data model.element). If an error occurs, the content
object should not rely on the empty string as being a reliable value.

Data outputs

A character string containing the value associated with parameter shall be returned. The
maximum length shall be determined by the data element as specified in the binding that corre-
sponds to the parameter. If an error occurs, then the API implementation shall set the error code to
a value specific to that error and return an empty string. The content object may call GetLastEr-
ror () to determine the nature of the error (see subclause 8.3.1).

Example

//Get the student ID
student id = GetValue("cmi.learner id");

8.2.2 Store data method

Interface syntax
return status = SetValue (parameter 1, parameter 2)

Description

This method is used to transfer to the RTS the value of parameter 2 for the data element speci-
fied by paramater 1.

Control inputs

Called as an ECMAScript API function.

Control outputs

Always returns from function call.

Data inputs

— parameter 1: The complete identification of a data element within a data model, includ-
ing the identification of the data model (e.g., data model.element).
— parameter 2:The value to which the content of parameter 1 is to be set.

Data outputs

The character string value "true" shall be returned if the RTS accepts the content of
parameter 2 to set the value of parameter 1. Otherwise, "false" shall be returned. When
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the method returns "false", the API implementation shall set the error code to a value specific
to that error, and the content object may call GetLastError () to determine the nature of the
error (see subclause 8.3.1).

Example

//Set the lesson status
status = SetValue("cmi.lesson status", "passed");

8.2.3 Commit data method

Interface syntax
return status = Commit (parameter)

Description

This method requests forwarding to the persistent, long-term, data store any data from the content
object that may have been cached by the API implementation since the last call to
Initialize () or Commit (), whichever occurred most recently.

If the API implementation does not cache values, Commit () shall return "true", set the error
code to "0" ("No error"), and do no other processing.

Cached data shall not be modified as a result of a call to the commit method. For example, if the
content object sets the value of a data element, then calls the commit method, and then subse-
quently gets the value of the same data element, the value returned shall be the value set in the
call prior to invoking the commit method.

NOTE 1—cCommit () would typically be used defensively to reduce the likelihood that persistent data is
lost because a communication session is interrupted, ends abnormally, or otherwise terminates prematurely
without a call to Terminate () (see subclause 8.1.2).

NOTE 2—At this time there is no explicit parameter for this method.

NOTE 3—At this time there is no companion method to "rollback" or discard any data that may be kept in
internal, buffered, temporary, or other transient storage.

Control inputs

Called as an ECMAScript API function. Always returns from function call.

Control outputs

If the API implementation is caching data, data shall be forwarded from the temporary store to the
persistent store.

Data inputs
— parameter: An empty character string ("").

The API implementation shall accept a call to this method as a directive to store data.
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NOTE—The default value is an empty character string (""). Future editions of this standard may specify

the meaning of non-empty character strings.

Data outputs

The character string value "true" shall be returned if the data was successfully committed. Oth-
erwise, "false" shall be returned. If the method returns "false", then the API implementation
shall set the error code to a value specific to that error, and the content object may call
GetLastError () to determine the nature of the error (see subclause 8.3.1). If the API imple-

mentation is not caching values, the character string value "t rue" shall be returned.

Examples

//Flush the cache
status = Commit ("");

8.3 Support methods

Support methods are used for error handling and diagnostics.

8.3.1 Get error code

Interface syntax
error code = GetLastError ()

Description

This method requests the error code for the current error state of the API implementation. Calling

this method shall not result in a change to the current error state.

GetLastError may be called after Terminate ().

NOTE—For any method called other than GetLastError (),
GetDiagnostic (), the APl implementation sets the error state as defined in subclause 7.2.

Control inputs

Called as an ECMAScript API function.

Control outputs

Always returns from function call.

Data inputs

None.
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Data outputs

A character string (convertible to an integer in the range from 0 to 65535 inclusive) representing
the number of the last error shall be returned. If an error occurs during the processing of session
or data-transfer methods, then the API implementation shall set the error code to a value specific
to that error, and the content object may call GetLastError () to determine the nature of the
error.

Examples

//Get the last error code
code = GetlLastError();

NOTE— Repeated calls to GetLastError () with no other interceding calls to any other methods will
return the same error code.

8.3.2 Get error string

Interface syntax
error text = GetErrorString (parameter)

Description

This method requests the textual message for the error code specified by the value of parameter.
A conforming API implementation shall support the error codes identified in Table 2 in subclause
8.4. Calling this method shall not result in a change to the current error state.

NOTE—For any method called other than GetlLastError(), GetErrorString(), and
GetDiagnostic (), the API implementation sets the error state as defined in subclause 7.2.

Control inputs

Called as an ECMAScript API function.

Control outputs

Always returns from function call.

Data inputs

— parameter: The character string representation of the integer value corresponding to an
error message.

Data outputs

A character string containing the textual description corresponding to the error code specified by
the value of parameter shall be returned. The maximum length shall be 256 bytes (including
null terminator). If the requested error code is unknown, an empty string ("") is returned.
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Examples

//Get text for error code
error text = GetErrorString("201")

8.3.3 Get API-implementation-specific diagnostics

Interface syntax
diagnostic_ text = GetDiagnostic (parameter)

Description

This method allows an RTS implementer to provide detailed diagnostics through the API imple-
mentation. Calling this method shall not result in a change to the current error state.

NOTE 1—This method exists for implementation-specific use. It is useful to those who supply or know the
parameter values that may return extended diagnostic information for an instance of an API implementa-
tion.

NOTE 2—A legitimate use for GetDiagnostic () is to get additional machine-interpretable information
about an error code. For example, GetDiagnostic ("101") might be defined in an application profile as
returning detailed error information that includes state information.

NOTE 3—For any method called other than GetLastError(), GetErrorString(), and
GetDiagnostic (), the API implementation sets the error state as defined in subclause 7.2.

Control inputs

Called as an ECMAScript API function.

Control outputs

Always returns from function call.

Data inputs

— parameter: An implementer-specific value for diagnostics. The maximum length of the
parameter value shall be 256 bytes (including null terminator).

NOTE—The value of the parameter need not be an error code.

Data outputs

A character string shall be returned. The maximum length shall be 256 bytes (including null ter-
minator).

Examples

//Get implementer diagnostics
return = GetDiagnostic("some implementer parameter")
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8.4 APl implementation error codes

Error codes shall be integers converted to character strings. The integer values of error codes shall
be in the range 0 to 65535 inclusive. Unspecified error codes in the range 0 to 999 inclusive are
reserved for use in future editions of this Standard. Implementation-defined error codes shall be
in the range 1000 to 65535.

If multiple errors are detected in processing a call to an API implementation, one error code shall
be returned by a call to GetLastError() (see subclause 8.3.1). The precedence among error codes
is unspecified behavior.

NOTE—-Calls to support methods leave the error state unchanged. Successful calls to methods other than
support methods reset the error state to 0.

Table 1 lists the ranges for classes of error codes.

Table 1—Classes of error codes

Numeric range Error type
100 to 199 General errors
200 to 299 Syntax errors
300 to 399 RTS errors
400 to 499 Data model errors

Table 2 lists specific error codes and messages. The description column in Table 2 is informative.
The actual character string for the textual message returned for the error code is left to the imple-
mentation. Additional codes may be specified with data bindings.

Table 2—Specific error codes and messages

Code Name Description
0 No error No errors encountered. Successful API call.
101 General exception A general exception for which a more specific

error code is not available.

102 General initialization failure = [An attempt to initialize failed. No other error in-
formation is available.

103 Already initialized An attempt was made to reinitialize communica-
tion that had already been initialized.
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Code Name Description

104 Content instance terminated  |An attempt was made to reinitialize communica-
tion by an instance of a content object with a state
of "terminated".

111 General termination failure An attempt to terminate the communication ses-
sion failed. No other error information is avail-
able.

112 Attempt to terminate before  |An attempt was made to terminate communica-

initialize tion prior to initialization.

113 Attempt to terminate after ter- [An attempt was made to terminate communica-

minated tion that had already been terminated.

122 Attempt to get before initialize [An attempt was made to get a value for a data
element before communication had been initial-
ized.

123 Attempt to get after terminate |[An attempt was made to get a value for a data
element after communication had been termi-
nated.

132 Attempt to set before initialize [An attempt was made to set a value for a data
element before communication had been initial-
ized.

133 Attempt to set after terminate |An attempt was made to set a value for a data
element after communication had been termi-
nated.

142 Attempt to commit before ini- |An attempt was made to commit data to storage

tialize before communication had been initialized.

143 Attempt to commit after ter- [An attempt was made to commit data to storage

minate after communication had been terminated.

201 General argument error An attempt was made to pass an invalid argu-
ment. (An error in the range 401 through 499
should be used if applicable.)

301 General get failure An attempt to get the value for a data element
failed. No other error information is available.

351 General set failure An attempt to set the value for a data element
failed. No other error information is available.
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Code

Name

Description

391

General commit failure

An attempt to commit data to storage failed. No
other information error is available.

401

Undefined data model element

The data model element passed as parameter in
GetValue () or parameter 1 in SetValue ()
is undefined.

Note: An attempt was made to use a data model
element that is not recognized by the implementa-
tion.

402

Unimplemented data model
element

The data model element passed as parameter in
GetValue () or parameter 11in SetValue ()
is not supported by the implementation.

Note: An attempt was made to use a data model
element that is recognized by the implementation
but is not supported.

403

Data model element value not
initialized

The data model element passed as parameter in
GetValue () has not been initialized with a
value by an implementation. The value returned
by the Getvalue () is unreliable.

404

Data model element is read
only

The data model element passed as parameter 1
in SetValue () is implemented as a read-only
data model element.

Note: This Standard does not specify accessibil-
ity rights of data model elements.

405

Data model element is write
only

The data model element passed as parameter in
GetValue () is implemented as a write-only data
model element.

Note: This Standard does not specify the accessi-
bility rights of data model elements.

406

Data model element type mis-
match

The value passed as parameter 2 in
SetValue () does not evaluate too a valid type
for the data model element indicated in parame-
ter 1ofasSetvalue().

Note: This Standard does not specify types spe-
cific to a data model.
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Annex A

(informative)
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Annex B

(informative)

When to call the terminate communication session method

To ensure that the terminate communication session method will be called even if a content object
is unloaded, a properly initialized content object should be coded to call Terminate () at the fol-
lowing times and under the following circumstances:

— When the content object no longer needs to communicate with the RTS. Example: When a
learner clicks a "submit" button at the end of a test and the learner will not be allowed to
change responses, the content object may upload the results of the test with
SetValue, then call Terminate ().

— If Terminate () has not been called successfully yet, when an onbeforeunload browser
event is processed. (This will only happen if the Web browser is Internet Explorer.)

— IfTerminate () has not been called successfully yet, when an onunload browser event is
processed.

NOTE—A call to Terminate is successful if the call returns "true". The call may return "false" if the
RTS determines that an error or time out has happened that prevents the RTS from terminating the com-
munication session normally. How to handle this situation is not defined, but it may be good practice to set
a timer to call Terminate () again after a few seconds.
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