Google Discover — Complete Technical Architecture
The most comprehensive analysis of Google Discover's internal systems, derived from SDK instrumentation, telemetry constants, and client-side observable behavior.

276 DISCOVER_ events 56 telemetry counters 13 cluster types 14 state path categories 51 runtime feature flags 150 GWS experiments 29 feed structure cards analyzed 18 PERSONAL_UPDATE subtypes

9 content pipelines 93 days usage tracked 45 fact-checked findings 12 SDK modules analyzed

9-Stage Pipeline pCTR Model OG Tag Parsing Freshness Buckets Personalization MAIADES (shared) Content Filtering Suppression Beacon Push Web Stories Discover Ads Cluster Types
Eligibility State Model 51 Feature Flags 150 Experiments Card Metadata SDK Config Feed Structure Usage Tracking 276 Events Telemetry Counters Fact Check Expand All Collapse All
v Di C Pipeline — 9 IDENTIFIED Stages End-to-End  COMPLETE ARCHITECTURE
PUBLISHER GOOGLE INFRASTRUCTURE USER DEVICE
Publishes —————— P 1
content STAGE 1: CONTENT INGESTION

Googlebot crawl + index

|  Entity extraction pipeline
| KG MID assignment (/m/xxxx)
L

1
STAGE 2: 0G TAG PARSING [SDK-VERIFIED] |
SchemaOrg parser (dkpg.java) -+
MetadataWrapper |
Schema.org JSON-LD checked FIRST, |
then 0G, then twitter:*, then HTML |

og:image = twitter:image - |
og:image:secure_url + |
twitter:image:src » image |

Schema.org (TEXT_TYPE_TITLE) -+ |
og:title » twitter:title » title |

Schema.org (TEXT_TYPE_PUBLISHER) - |
og:site_name - author |
og:locale + inlanguage + "en" |

|
article:content_tier + |
isAccessibleForfree |

|

|

Blocking: nopagereadaloud, notranslate
Output + ContentMetadata protobuf |
1

T
|
1

STAGE 3: CONTENT CLASSIFICATION |
Content type: |
BREAKING_NEWS (+ other types) |
Note: EVERGREEN_VIBRANT is a UI color |
palette name (ftsb.java), NOT a |

content classification type

Cluster assignment: |
neoncluster, deeptrends, freshvideos |

geotargetingstories, mustntmiss |
1

1
STAGE 4: COLLECTION GATE |
filter_collection status (bupa.java) |
- ALL content from domain blocked |
Filter_entity_status (bupa.java) |
+ per-URL content filtered |
Path: /client_streamz/android_gsa/ |

discover/app_content/ |
1

STAGE 5: USER INTEREST MATCHING |
Interest Graph (shared infra) |

BroaderUserInterest { |

MID, NAME, CONFIDENCE, IMPORTANCE |
} |
Match: content_MIDs n user MIDs |
(ember_item_matched_retrieval_mids |
is Ember tab/image search, NOT |
Discover — from dzby.java) |

T

STAGE 6: RANKING (SERVER-SIDE) |
Server receives ContentMetadata from \
Stage 2 (title, image, site_name, |
locale, paywall flag) [

|
Client-confirmed inputs: |
Image quality (LOW_QUALITY_IMAGE) |
Freshness ('Freshness_delta_ln_seconds|
Historical CTR (click_count/show_ct) |
Client-confirmed event: |
PCTR_MODEL_TRIGGERED (generic enum) |

|

A pCTR model runs server-side — |
actual inputs not visible in client |
SDK |

STAGE 7: FEED ASSEMBLY
MAIN_FEED
L COLLECTION (publisher groups)
L CLUSTER (13 types)
L CARD (individual)
DISCOVER_ATF_RENDER_START/END
T

|

STAGE 8: DELIVERY
gRPC: tng.ga.discover.streaming |
Background: 24h WorkManager sync |

1

| —» User Device

Feed displays
in MINUS_ONE

Beacon: server-push content | or MAIN_FEED

Cache: stream_cache_hit/miss |
1

Per-URL metrics <

click_count

STAGE 9: FEEDBACK LOOP |
Dismissals + collection filter |

show_count
dismissal_count
engagement_time_msec Follows + interest graph (shared) |
(6A4 standard, not
Discover-specific)
NATADES + personalization (shared) |
Hearts/Saves - personalization

SDK-CONFIRMED

¥ pCTR Model (Predicted Click-Through Rate)

SDK Evidence: The string PCTR_MODEL_TRIGGERED was extracted from the Google Search SDK. However, deeper analysis reveals it is in a generic telemetry event enum alongside ~100+ non-Discover events (PAYMENTS_*, KEYBOARD_*,

PARTICLE_*, etc.). It is NOT in a Discover-specific class.

SDK Fact Check Correction: The MAX_HIT_WEIGHT scoring formula (MUL _MAX_HIT_WEIGHT (DIV (MAX _CLICK_COUNT @) (ADD 1 (MAX _CLICK_COUNT @)))) exists in the SDK, but the containing class works with

SuggestRequest / SuggestResponse protosand CrossProfileIcingApi — itis the on-device Icing search suggest scoring, NOT Discover ranking. Zero Discover-related strings appear near this formula.

pCTR Model — What Client SDK Actually Shows

Claim SDK Evidence Verdict

PCTR model exists PCTR_MODEL_TRIGGERED event string present EXISTS (but generic enum, not Discover-specific)

og:title isa pCTR input og:title and PCTR are in separate SDK modules with ZERO class overlap. ContentMetadata (OG output) not referenced in scering module. NOT CONFIRMED in client SDK

MAX_HIT_WEIGHT is Discover’s scoring formula The containing SDK module operates on SuggestRequest/SuggestResponse, not Discover protos. ZERO overlap with OG metadata classes. NOT CONFIRMED — this is Icing search suggest

Confirmed Client-Side Ranking Signals

Input Signal Source SDK Evidence

Image quality og:image + dimension checks LOW_QUALITY_IMAGE , image_width , image_height
Freshness Content age freshness_delta_in_seconds

Historical CTR Per-URL metrics click_count / show_count

Thumbnail download Image fetch EMBER_FEED_THUMBNAILS_DOWNLOADED

Image load failure Error tracking image_load_failure_count (telemetry)

Key distinction: The pCTR model almost certainly runs server-:

ide on Google infrastructure. The client extracts og:title into a ContentMetadata protobuf and sends it to discover-pa.googleapis.com , but the actual pCTR evaluation is not

visible in the client-side SDK. Whether ogtitle is a pCTR input is plausible but cannot be confirmed from SDK analysis alone.

MANDATORY SDK-DEOBFUSCATED

" Open Graph Tag Parsing — The 6 Page-Level Signals

Critical finding: The parser ( dkpg. java , self-described as SchemaOrg{parsedMetatags, jsonLdScripts} ) handles significantly more than 6 signals. In addition to the 5 OG tags and 1 article meta tag below, it also parses: twitter:image ,
twitter:title , twitter:image:src , author , title, inlanguage , isAccessibleForFree , image (generic), and Schema.org JSON-LD structured data. The 6 OG tags listed here are the primary signals, but the parser’s scope is broader.
All handled within a single SDK module.

Tag SDK Evidence Handler Role Required
og:image CONFIRMED Image Callable Card thumbnail. No og:image = no card rendered. EMBER FEED_THUMBNAILS DOWNLOADED fails. MANDATORY
og:title CONFIRMED Title Supplier Card title text. Extracted into ContentMetadata protobuf. pCTR input plausible but unconfirmed. MANDATORY
og:site_name CONFIRMED Title Supplier Publisher name on card header. Attribution display. Recommended
og:locale CONFIRMED Locale Extractor Content language/region. Matched against user locale for feed eligibility. Recommended
og: image:secure_url CONFIRMED Fallback Supplier HTTPS variant of image URL. Preferred over HTTP. Optional
article:content_tier CONFIRMED Paywall Detector Paywall classification: free / metered / locked . Affects card treatment and user expectation. Recommended

Deobfi d OG Metadata Pipeline (from SDK analysis)

HTML PAGE

r

| STAGE_METATAGS EXTRACTION |
|  Extracts all <meta> tags + JSON-LD scripts from page HTML |
L

r

| Schemaorg Parser |
|  Stores: Immutablelist<ParsedMetatag» + JSON-LD scripts |
l Query methods: |
| byName(name) - Optional<ParsedMetatag> (by name attr) |

| byProperty(name) = Optional<ParsedMetatag> (for og: tags) |

| typedExtract(name, class) + Optional<T> |

| multiValue(name, fn) - Stream |
L

v

MetadataWrapper |
Wraps SchemaOrg parser for downstream consumers |

T

|

T T 1
v v v v

r 1T 17 1T 1
| Title | | Image | | Locale | | Paywall |
| suppiier | | Supplier | | Extractor| | Detector |
[ [ \ |1 \
| og:title | | og:image | | og:locale| | content |
\ og:site_ \ | fallback | \ =+ lang | \ tier \
| name | | chain | ——— | |
\ author \ | | \ \
L__'_....I I—r__.l

| \ |

v v v

r
| ContentMetadata Protobuf

| url title (from og:title chain)

\ language site_name (from og:site_name)
[ canonical_url image (from og:image chain)
\

L

has_paywall flags (bitfield)

v
Discover Feed Cards
(via ModernContentViewer / Silk)

Fallback Chains (SDK-verified)

SDK analysis reveals exact fallback order. When the primary OG tag is missing, the app tries alternatives in strict sequence. These chains are hardcoded in the Title and Image Supplier classes.

Signal Fallback Chain (in order) SDK Handler

Title Schema.org ( TEXT_TYPE_TITLE ) — og:title — twitter:title — title (HTML name attr) Title Supplier + Fallback Supplier (dkrijava:1088-1092, dknljava:27-29)

Image og:image — twitter:image — og:image:secure_url — twitter:image:src — image Image Callable + Fallback Supplier (dkrijava:1100, dkpj.java switch cases 0,2,3,4)
Publisher Schema.org ( TEXT_TYPE_PUBLISHER ) — og:site name — author (HTML name attr) Title Supplier (dkrijava:1097-1099)

Author Schema.org ( TEXT_TYPE_AUTHOR ) — author (HTML name attr) Title Supplier

Language og:locale — inLanguage (JSON-LD typed) — hardcoded “en™ Locale Extractor + Title Supplier

Paywall article:content_tier + isAccessibleForfree (JSON-LD boolean) Paywall Detector

Blocking Metatags (SDK-verified)
The Paywall Detector checks for blocking metatags that prevent content from being processed. When found, the pipeline throws: “"The page contains blocking metatag: %s" . Two values found (from dkri.java:304-309 ).

nopagereadaloud is ALWAYS checked (unconditional), while notranslate is CONDITIONALLY checked — only when a server config flag is not the default value. Note: these halt the article content extraction/readout parser, not

necessarily the Discover card rendering pipeline. They are in the same but may be sep pr

paths.

Image Requirements

Requirement Details

Minimum width 1200px for hero card format. Smaller = thumbnail card (lower CTR).
Quality check LOW_QUALITY_IMAGE flag marks images below threshold
Load tracking elements_interaction/image_load_failure_count (telemetry counter)
Robots.txt Image URL must NOT be blocked by robots.txt

Format JPEG, PNG, WebP. DISCOVERY_CARD_WEBP_IMAGE SUPPORT confirmed.

Discover Integration Points (SDK-verified)
Integration Evidence
Discover AP| endpoint discover-pa.googleapis.com in SDK
Content viewer consistency silk_discover_consistency port
Datastore updates silk discover_datastore_update port
Dismiss handling silk_discover_dismiss_port
Content viewer rendering

silk modern_content viewer port — ModernContentViewer

Content opening event DISCOVER _CONTENT VIEWER OPEN

k PARTIAL

Decay B

Freshness signals exist in the codebase but their direct connection to Discover ranking is not fully confirmed. freshness delta in_seconds appearsin eblv.java (Smartspace weather/air quality metrics, not Discover).
staleness_in_hours appears in the same weather metrics class. The bucket strings ( 1_To_7_DAYs , etc.) appear in bemp.java:215 inside GestureSettingsPreferenceFragment , not a Discover class. The strings exist, but their confirmed

scope is broader than Discover alone.

Bucket Window Weight
1_TO_7_DAYS 1-7 days old Highest freshness weight
8_TO_14_DAYS 8-14 days old Medium freshness weight
15_TO_30_DAYS 15-30 days old Lowest freshness weight
staleness_in_hours 30+ days Continuous staleness decay

7 Personalization Infrastructure Feeding Discover 4 layers

Note: Layers 1 and 2 below (Geller/AIP and NAIADES) are shared Google infrastructure — they serve Google Assistant, Search, and other products, not just Discover. Discover consumes their outputs but does not own these systems.

Layers 3 and 4 are Discover-specific.

LAYER 1: Geller / AIP Interest Graph [SHARED INFRASTRUCTURE]
Per-user on-device interest data (synced via Geller synclets)

BroaderUserInterest { MID, NAME, CONFIDENCE, IMPORTANCE }

Serves: Google Assistant, Search, Discover, and other products |
Discover reads from this store for entity-based matching |

LAYER 2: NAIADES Personalization [SHARED INFRASTRUCTURE] |
Google-wide personalization system with 19 content subtypes |
Discover consumes NAIADES signals to populate its feed
Subtypes include: MID_BASED, QUERY BASED, SPORTS, TRENDING, |
WPAS, RECALL_BOOST, FINANCE, FLIGHT_DEALS, SHOPPING_PRICE, etc. |

|
1

LAYER 3: Persistent State [DISCOVER-SPECIFIC]
/persistent/follows/* — followed topics/entities
/persistent/heart/* — liked content
/persistent/save/* - saved content
/persistent/tombstone */data — dismissed content

LAYER 4: Engagement Signals
engagement_time_msec (GA4 standard — app-level, not

article-level; from chvn.java, standard Firebase Analytics)
GetDiscoverEngagementLevel, session_user_engagement

¥ NAIADES — 18 Content Subtypes  SHARED INFRASTRUCTURE

Shared system: NAIADES is a Google-wide personalization system, not Discover-exclusive. These subtypes describe how personalized content enters various Google surfaces. Discover is one consumer of NAIADES signals. Each subtype has
a matching PERSISTENT_LOGGING variant for cross-session tracking.

Subtype Meaning Persistent Logging
MID_BASED_NATADES Entity-driven personalization (Knowledge Graph MIDs) v
QUERY_BASED_NATADES Search-history-driven personalization v
RANKING_CHANGE Ranking adjustment signal v
RECALL_BOOST Boosted retrieval priority from candidate pool v
WPAS Web Publisher Articles Signal (Google News Publisher Center) v
QUERY_FOLLOW Matched to queries user explicitly follows -

SPORTS Sports content with dedicated treatment v
FINANCE_TRIGGERED Finance content triggered by interest —
FLIGHT_DEALS Flight deals content v
SHOPPING_PRICE Shopping price update content v
MEGASITELINKS Megasitelinks content type v
UPCOMING_DATES_TRIGGERED Upcoming dates/events v
HISTORICAL_SIRIUS Historical Sirius content —
CACHE_EXPIRED Cache-expired content refresh =
MULTIPLE_TRIGGERING Content triggered by multiple signals simultaneously =
TRENDING Trending content + (long + medium duration)
TRENDING_WITH_LABEL Trending content with topic label v
TRENDING_AITN_WITH_LABEL AITN trending with label v

Key insight: WPAS means Google News Publisher Center registration gives articles a distinct classification that may receive different ranking treatment. RECALL_BOOST literally increases retrieval priority from the candidate pool.

" Content Filtering — Two-Level Architecture ' BINARY KILL SWITCH

Two-Level Filtering

Level Telemetry Counter Scope Effect
Collection filter_collection_status Entire publisher/domain ALL content from collection blocked
Entity filter_entity_status Individual URL One item filtered

SDK evidence: The Discover-specific filter metrics are filter_collection_status and filter_entity_status from bupa.java , tracked at /client_streamz/android_gsa/discover/app_content/ . There is NO graduated suppression —
it's binary. And there is NO equivalent "boost collection” flag anywhere in the system. Note: isCollectionHiddenFronEnberFeed (from boov.java , CollectionDetailsData) controls the Ember tab (a separate visual image discovery tab), NOT

the Discover feed.

¥ Suppression Mechanisms = 5 methods

Mechanism SDK String Description

Counterfactual holdback SHOW_SKIPPED_DUE_TO_COUNTERFACTUAL Content withheld for A/B experiments

Counterfactual delivery DELIVERED_COUNTERFACTUAL Content delivered in counterfactual group

Fetched counterfactual FETCHED_COUNTERFACTUAL Content fetched but suppressed

Visibility repressed VISIBILITY_ REPRESSED COUNTERFACTUAL Visibility explicitly repressed (Google-wide VE logging from eyxv.java , not Discover-specific — used across Assistant, Lens, Search, etc)

Rug pull background_refresh_rug_pull_count Cards withdrawn after being pushed

Counterfactual variants found in SDK: CLIENT_COUNTERFACTUAL , SUBTYPE_COUNTERFACTUAL_DUMMY , DATA_USAGE_COUNTERFACTUAL_EXPERIMENT , SUBTVPE_ENTITY_PREVIEW_COUNTERFACTUAL , SUBTYPE_PROMPT_EXPANSION COUNTERFACTUAL ,

SUBTYPE_MODELESS_BACK_TO_ALL_COUNTERFACTUAL , SUBTYPE_MODELESS_EASY_SWITCH_COUNTERFACTUAL — indicating counterfactual experiments run across multiple system components.

5 events

" Beacon Push System — Server-Initiated Content

Content type limitation: From bgnt.java , Beacon handles exactly two content types: ordinal 0 = SportsScoreAmbientDataDocument and ordinal 1 = InvestmentRecapAmbientDataDocument . Any other content type triggers:

“Unsupported BeaconContent type: %s" and is rejected. Beacon is a narrow pipeline for sports scores and investment recaps only.

Event SDK Evidence Role
DISCOVER_BEACON_PUSH_RECEIVED CONFIRMED Push received from server
DISCOVER_BEACON_PUSH_ACCEPTED CONFIRMED Push accepted (budget/quality passed)
DISCOVER_BEACON_PUSH_REJECTED CONFIRMED Push rejected (budget/quality/pref failed)
DISCOVER_BEACON_PUSH_FINISHED CONFIRMED Push processing completed
DISCOVER_BEACON_CONTENT_PUSH CONFIRMED Content push type identifier

Beacon Infrastructure

Event
DISCOVER_BEACON_SEARCH_WRITE_START/END/FAILED
DISCOVER_BEACON_SEARCH_DOCUMENT_CONVERSION_START/END/FAILED
DISCOVER_BEACON_RESOURCE_DOWNLOAD_START/END/FAILED/SKIPPED
DISCOVER_BEACON_WORK_MANAGER_ENQUEUED/EXECUTION_START
DISCOVER_BEACON_PREFERENCE_OPENED/OPEN_INTENT_RECEIVED
donated_sports_documents_count
dropped_sports_notifications_count
incoming_sports_notifications_count

search_cleared_count

¥ Streaming gRPC Protocol = Real-time feed

gRPC Services (SDK-Extracted)

Service

google.internal.discover.discofeed.f .vi.Disc

google.internal.discover.discofeed.streamingfeedrenderer.vi.DiscoverStreamingFeedRenderer

google.internal.discover.discofeed.actions.v1l.DiscoverActions

google.internal.discover.channels.v1.DiscoverChannelsRenderer

google.internal.discover.discofeed.homestack.vl.DiscoverHomestackFeedRenderer

tng.ga.discover.streaming

preprod-discover-pa.googleapis.com

Str ing Lifecycle E

Event
DISCOVER_STREAMING CONNECTION_START
DISCOVER_STREAMING_INITIALIZATION_SENT
DISCOVER_STREAMING_INITIALIZATION_ACKNOWLEDGED
DISCOVER_STREAMING_ACTION_PAYLOAD_SENT
DISCOVER_STREAMING ACTION_PAYLOAD_ACKNOWLEDGED
DISCOVER_STREAMING_TOKEN_UPDATE_SENT
DISCOVER_STREAMING_NEXT_PAGE_REQUEST_SENT
DISCOVER_STREAMING_NEXT_PAGE_RESPONSE_RECEIVED
DISCOVER_STREAMING_DATA_OPERATIONS_PAYLOAD_RECEIVED
DISCOVER_STREAMING_FEED_CLEAN_UP_REQUEST_SENT
DISCOVER_STREAMING_FEED_CLEAN_UP_RESPONSE_RECEIVED
DISCOVER_STREAMING_CONNECTION_CLOSED

DISCOVER_STREAMING_CONNECTION_RETRY

¥ Web Stories (STAMP) — Separate Pipeline ' BYPASSES pCTR

Role

Search integration for beacon content
Document conversion for search indexing
Resource download for beacon content
WorkManager scheduling for beacon tasks
User beacon preference management
Sports docs pushed to local search index
Sports notifications dropped

Incoming sports notification count

Beacon search index data cleared

Role

Feed content rendering
Streaming feed rendering
User action processing

Topic channel rendering
Homestack widget feed
Real-time streaming protocol

Pre-production API endpoint

Phase

Connection initiated

Init payload sent

Server acknowledged init
User action sent

Server acknowledged action
Token refresh sent
Pagination request
Pagination response
Data operations received
Feed cleanup request
Cleanup response
Connection closed

Reconnection attempt

Web Stories bypass standard ranking. They have a dedicated inline rendering pipeline { INLINE_STAMP_VIEWER FRAGMENT ), carousel placement ( INLINE_STAMP_VIEWER SLIDE_FRAGMENT ), and their own recommendation engine

( STAMP_VIEWER_RECOMMENDATIONS ). Standard entity matching and pCTR history are NOT required.

Event

STAMP_VIEWER_OPEN_FROM_DISCOVER

STAMP_VIEWER_OPEN_FROM_SEARCH

STAMP_VIEWER_OPEN_FROM_DEEPLINK

INLINE_STAMP_VIEWER_FRAGMENT

INLINE_STAMP_VIEWER_SLIDE_FRAGMENT

STAMP_VIEWER RECOMMENDATIONS

STAMP_VIEWER_RECOMMENDATIONS_READY_BEFORE_USER_REACHED_END

SEARCH_WEB_STORY

ALL ORGANIC

7 Paid Di Ads (D d Gen)

SDK Evidence

CONFIRMED

CONFIRMED

CONFIRMED

CONFIRMED

CONFIRMED

CONFIRMED

CONFIRMED

CONFIRMED

Role

Web Story opened from Discover feed

Web Story opened from Search results

Web Story opened from deeplink

Inline rendering in feed (not behind click)
Carousel slide placement

Own recommendation engine
Recommendations preloaded before story ends

Web Story in search results

Paid ad cards bypass ALL organic signals. Entity matching, pCTR history, domain authority — none required. A brand new domain can appear in Discover feeds within hours via Google Ads Demand Gen campaigns.

Event
DISCOVER_ADS_CARD_CLICK
DISCOVER_ADS_BOC_ICON
FEED_AD_WTA

discover-ads

V' Feed Hierarchy & Cluster Types 13 types

MAIN_FEED
L rOlLECTION fruhlichar /tand e ometine

SDK Evidence

CONFIRMED — paid ad card click event
CONFIRMED — Back-of-Card "Ad" icon
CONFIRMED — "Why This Ad" transparency

CONFIRMED — ads subsystem identifier



