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Abst r act

RFC 5545 defines inter-property interaction rules for iCal endar
components in prose scattered across nultiple RFC sections. No
publ i shed, standal one representation of these rules exists in a form
sui tabl e for machine consunption. This docunment specifies a formnal
dependency graph for VEVENT conponents with 27 properties and 20
edges spanning six edge types. It classifies properties into five
merge safety categories that determ ne whether concurrent edits can
be conbi ned without user intervention. The specification is
publ i shed as YAML and JSON artifacts for cross-language consunption

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 29 Septenber 2026
Copyright Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
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The barrier to property-level nerge is not algorithmc. Three-way
merge for structured data is well understood. The barrier is that
[ RFC5545] property dependencies are inmplicit: changi ng DTSTART can
i nval i dat e RRULE expansi on, EXDATE nenbershi p, and VALARM tri gger
of fsets, but this is expressed only in prose across separate RFC
sections. Wthout a formal nodel of which properties depend on

whi ch, a nerge engi ne cannot determn ne whether two concurrent edits
are safe to conbine.

Thi s docunent extracts these inplicit dependencies into a fornal
graph for VEVENT conponents and cl assifies each property by nerge
safety.

1.1. Scope

Thi s specification covers VEVENT properties only. VTODO and VJOURNAL
have different dependency structures (e.g., the Tasks draft renoves
the VTODO DURATI ON-t o- DTSTART requirenent). Extension to other
component types is future work.

The graph includes all VEVENT properties with non-trivial inter-
property dependencies, plus commonly-edited safe properties.

[ RFC5545] Section 3.6.1 defines additional VEVENT properties with no
i nter-property dependencies that are omtted for brevity: ATTACH,
COMMENT, CONTACT, RELATED- TO and RESOURCES. All are safe with set
cardinality and uni on nerge senantics.

Singl e-property cardinality constraints (e.g., DISTART is REQU RED)
and val ue-1evel constraints (e.g., DTEND datetinme MJST be greater
than or equal to DTSTART datetine) are not nodel ed. This graph
captures structural and type-level dependencies only.

1.2. Merge Unit

Cal DAV resources can contain nultiple VEVENTs sharing a U D: one
master and zero or nore exception VEVENTs (each identified by
RECURRENCE- I D). This graph nodels properties within a single VEVENT,
but three edges cross VEVENT boundaries. A merge engi ne consuni ng
this graph MJST operate on the full U D group (all VEVENTs sharing a
U D), not individual VEVENTs in isolation. Edges narked
"cross_vevent" in the nachine-readable artifact require this U D
group scope.
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Ter mi nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capitals, as shown here

The following terns are used throughout this docunent:

Edge: A directed relationship between two properties in the
dependency graph. Each edge has a type and a strength.

Merge safety: A classification of whether a property can be
i ndependent |y merged when two clients concurrently edit the sane
event.

U D group: The set of all VEVENTs sharing the sane U D value within
a cal endar resource. Consists of one master VEVENT and zero or
nmore exception VEVENTs identified by RECURRENCE- I D

Significant change: A change to a property classified as "dependent"”
or "scheduling" in the nerge safety classification. Significant
changes require SEQUENCE to be increnmented per [RFC5546]

Section 2.1.4.

Edge Type Definitions
The graph uses six edge types with the follow ng senantics:

depends_on: The source property’s interpretation requires the target
property’s value. Changing the target makes the source’s cached
result stale, but the source’'s stored value remains syntactically
valid. Exanple: RRULE depends_on DTSTART ([ RFC5545]
Section 3.8.5.3) because recurrence expansi on uses DISTART s day-
of -week, month, etc. for BY* rules.

derived_from The source property’s value was computed fromthe
target at creation tine. The target can change afterward w t hout
requiring the source to update. Exanple: RECURRENCE-ID
derived from DTSTART.

requires: The source property requires the target to be present.
The source without the target is a protocol violation. Exanple:
ATTENDEE r equi res ORGANI ZER ([ RFC5545] Section 3.8.4.1).

mutual | y_exclusive with: The source and target MJST NOT both be
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present on the same VEVENT. This relationship is symetric.
Exanpl e: DTEND nut ual | y_excl usive_wi th DURATI ON ([ RFC5545]
Section 3.6.1).

type_consi stency: The source and target nust use the same val ue type
(DATE or DATE-TIME). This relationship is symetric. Exanple:
EXDATE type_consi stency DTSTART ([ RFC5545] Section 3.8.5.1).

computes_with: The source and target are used together in
conputation. Neither needs updating when the other changes.
Exanpl e: DTSTART conputes with DURATION to produce the inplied end
tinme.

4. Edge Strength

Each edge carries a strength indicating the RFC conformance | evel of
the constraint it represents:

must: An RFC MUST or MJST NOT requirement. Violation is a protocol
error.

shoul d: An RFC SHOULD or SHOULD NOT recommendation. Violation is
subopti mal but confornmant.

advi sory: Not a conformance requirenent. Useful for generating
war ni ngs (e.g., an EXDATE for a date not in the recurrence set is
a no-op, not a violation).

informational: Annotation only. Docunents a conputationa
relati onship with no conformance or warning inplication. Used for
conputes_with and derived_from edges

5. Property Dependenci es

The following table Iists the 20 inter-property edges. Al edges
derive from [ RFC5545]. Additional RFCs ([ RFC7986], [RFC5546],

[ RFC6047], [RFC6638]) contribute property definitions and scheduling
semantics used in the nerge safety classification (Section 6), but no
edges in this table originate fromthose docunents. Symetric edges
(type_consistency, mutually exclusive with) are listed on both
participating properties, yielding 20 entries for 16 uni que

rel ati onshi ps.
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Abbrevi ations: REC-1D = RECURRENCE- | D; type_cons. = type_consi stency;
mut _excl. = nutually_exclusive with; conmputes_w. = conmputes_with

adv. = advisory; info. = informational. All references are to

[ RFC5545] sections.

VALARM i s a sub-conponent nested inside VEVENT, not a VEVENT
property. |Its edges are nodel ed at the VEVENT | evel for nerge safety
pur poses. A conplete VALARM nerge requires set-level conparison of
sub- conponents, not scal ar property diffing. The VALARM depends_on
edges are conditional on each alarms TRI GGER RELATED par anet er:
RELATED=START (the default) depends on DTSTART; RELATED=END depends
on DTEND or, when DTEND i s absent, on DURATION. A nerge engine that
unconditionally flags all VALARMs when DTEND changes w || produce

fal se positive conflicts for RELATED=START al ar ns.

The DURATI ON depends_on DTSTART edge ([ RFC5545] Section 3.8.2.5)
captures a non-obvious format constraint: if DISTART uses the DATE
val ue type (all-day event), DURATI ON MUST use dur-day or dur-week
format (e.g., P1D, P2W, not tinme granularity (e.g., PT1H). Changing
DTSTART from DATE-TI ME to DATE requires validating the DURATI ON
format.

5.1. Cross-VEVENT Edges

RECURRENCE- I D lives on an exception VEVENT; its targets (RRULE
RDATE, DTSTART) live on the master VEVENT. These edges are nmarked
"cross_vevent: true" in the machine-readable artifact. A nerge
engi ne MJST resol ve these edges across the full set of VEVENTs
sharing a U D.

5.2. RRULE Internal Constraints
COUNT and UNTIL are nutually exclusive within an RRULE val ue
([ RFC5545] Section 3.3.10). This is captured as an interna
constraint rather than an inter-property edge, because both are
parameters of the RRULE val ue, not separate VEVENT properties.

6. Merge Safety O assification
G ven two concurrent edits to the sane event (local and renote), can
a property be independently merged? This section classifies all 27
VEVENT properties into five categories.

6.1. Safe

Properties: SUMVARY, DESCRI PTION, LOCATION, URL, GEO, PRI ORITY,
CATEGORI ES, COLOR ([ RFC7986]), CLASS, TRANSP, STATUS.
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No cross-property dependenci es. |ndependent merge is always valid.
If I ocal changes SUMVARY and renote changes LOCATION, both edits can
be kept w thout conflict.

STATUS is structurally safe but semantically hazardous. Auto-nerging
STATUS: CANCELLED with a concurrent SUMVARY edit produces a cancell ed
event with a newtitle. A nerge engine SHOULD surface

STATUS: CANCELLED as a nmanual -resol uti on candi dat e.

6.2. Dependent

Properties: DTSTART, DTEND, DURATI ON, RRULE, EXDATE, RDATE, VALARM

Can be nerged if graph validation passes. For example, if |loca
changes DTSTART and renote adds an EXDATE, the nerge engi ne MJST
verify that the EXDATE value type still nmatches the new DTSTART type

6.3. Scheduling
Properties: ATTENDEE, ORGANI ZER, REQUEST- STATUS

When Cal DAV Schedul i ng [ RFC6638] is active, nodifying these
properties triggers scheduling messages per [RFC6047]. They MJUST NOT

be aut o- ner ged.

On servers w thout [RFC6638] (e.g., Radicale, Baikal), ATTENDEE is
dependent (requires ORGAN ZER) and ORGANI ZER i s al so dependent
(renovi ng ORGANI ZER whi | e ATTENDEEs are present violates the
"requires" edge regardl ess of scheduling support). REQUEST-STATUS
falls back to safe. The nachine-readable artifact captures this via
a "schedul i ng_fall back" field.

6.4. Inmutable
Properties: U D, CREATED, RECURRENCE- I D.
Set once within a VEVENT instance. MJST NOT be changed after initial
creation. U D identifies the event ([RFC5545] Section 3.8.4.7).
CREATED records creation tinme ([ RFC5545] Section 3.8.7.1).
RECURRENCE- | D i dentifies which occurrence of a recurrence series was
nmodi fi ed ([ RFC5545] Section 3.8.4.4).

6.5. Al ways-Update
Properties: SEQUENCE, DTSTAMP, LAST-MODI Fl ED.

Automatically set on any edit. DITSTAMP and LAST-MODI FIED are set to
the current UTC ti ne.
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SEQUENCE has a non-trivial merge rule. |If only one side changed
significant properties, the merge engi ne SHOULD preserve that side’s
SEQUENCE. If both sides changed significant properties, the nerge
engi ne SHOULD use nmax(local, renote) + 1. |f neither changed
significant properties, the nerge engi ne SHOULD use max(l ocal,
renote). A blind max + 1 on every nerge causes the escal ation | oop
docunented in existing Cal DAV client inplenentations.

6.6. Set-Valued Properties

Properties with cardinality "set" (EXDATE, RDATE, CATEGORI ES,
ATTENDEE, VALARM hold nultiple values. The nerge safety
classification determnm nes whether a property can be independently
merged with edits to other properties but does not specify howto
merge concurrent edits to the same nulti-val ued property.

The nmachi ne-readabl e artifact includes a "nerge_op" field for set
properties: "union" (EXDATE, RDATE, CATEGORI ES) for additive mnerge,
or "conflict" (ATTENDEE, VALARM for set-level conparison requiring
manual resol ution.

EXDATE uni on requires checking for correspondi ng excepti on VEVENTs on
the sane date before applying. Adding an EXDATE for a date that has
an exception VEVENT produces conflicting signals (the occurrence is
bot h excl uded and repl aced).

7. Machi ne- Readabl e Artifact
The dependency graph is published as structurally equival ent YAM. and
JSON files at <https://github.com i Cal DAV/i cal - dependency- gr aph>
The YAML includes inline comentary; the JSON uses fields prefixed
wi th underscore ("_note", " _schema") for annotations. Underscore-
prefixed fields are non-normative.

7.1. Schema Fields

Each property object contains:

cardinality: "scalar" (single value) or "set” (nultiple values).

merge_safety: One of: "safe", "dependent", "scheduling",
"i mmut abl e", "al ways_update".

Edge lists: Zero or nore of: "depends_on", "derived_fron,
"requires", "mutually_exclusive_wth", "type_consistency",
"conputes_with". Each entry is an object with "target" (property

nane) and "strength" (nust/shoul d/advi sory/ informational).
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8.

merge_op: (Set properties only.) "union" or "conflict".

schedul i ng_fal | back: (Scheduling properties only.) The nmerge safety
category to use on servers w thout [RFC6638].

merge_rule: (SEQUENCE only.) Three conditions: "one_side_changed"
(PRESERVE), "bot h_si des_changed" (MAX PLUS ONE), "neither_changed"

(MAX) .

cross_vevent: (Optional, boolean.) True when the edge crosses
VEVENT boundaries within a U D group.

2.  Versioning
The "version" field uses semantic versioning:

* Patch (1.0.x): Corrects an incorrect edge. No new properties or
edge types.

* Mnor (1.x.0): Adds new properties, edge types, or schema fields.
Exi sting edges unchanged.

* Major (x.0.0): Changes existing edge semantics or restructures the
schena.

I mpl enent ati on Evi dence

25 bugs were identified across 17 distinct open-source projects
spanni ng 8 progranmi ng | anguages (JavaScript, Python, C,  Java, PHP
Kotlin, C#, Vala) where the root cause is a violated property
dependency. The bugs fall into three categories:

* Expansion/interpretation (13 bugs): The dependency rul e was not
correctly inplemented in RRULE expansi on, EXDATE filtering, or
property interpretation.

* Validation/serialization (10 bugs): Invalid property conbinations
were accepted or produced.

* Merge/sync (2 bugs): Concurrent edits or sync operations produced
invalid state due to missing property-|evel awareness.

The EXDATE-type-nust-mat ch- DTSTART rul e ([ RFC5545] Section 3.8.5.1)
al one accounts for 7 separate bugs across independent

i mpl ement ati ons. The RRULE- DTSTART interaction has bugs dating back
to 2013. 13 of 25 bugs involve these sane two rul es across

i ndependent i npl enent ati ons.
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11.

11.

Additionally, 7 major calendar libraries across 6 | anguages have
docunent ed cross-property validation gaps: ical4j (Java), ical.js
(JavaScript), libical (C, Python icalendar (Python), sabre/vobject
(PHP), rrule.js (JavaScript), and ical 4android (Kotlin).

The full bug catalog with links to individual issues is available in
the conpani on preprint [|CAL-DEP-GRAPH] and at the repository listed
in Section 7.

Security Considerations

Thi s docunent fornalizes existing constraints from [ RFC5545] and
rel ated specifications. |t does not introduce new protocol elenents
or nmodi fy existing ones.

I npl enent ati ons that consune the dependency graph for automated nerge
operations SHOULD validate the graph artifact’s integrity before use
(e.g., by verifying a checksumor fetching froma trusted source). A
nmodi fi ed graph could cause a nmerge engine to incorrectly classify
unsafe nerges as safe, producing invalid iCal endar objects.

The schedul i ng properties (ATTENDEE, ORGAN ZER, REQUEST- STATUS) have
side effects beyond the | ocal event when Cal DAV Schedul i ng [ RFC6638]
is active. A nmerge engi ne MJUST NOT auto-nerge scheduling properties
wi thout the user’'s explicit consent, as this could result in
uni nt ended schedul i ng messages being sent to other participants.

I ANA Consi derations

Thi s docunent has no | ANA acti ons.
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