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Self-service search is typically a user's first interaction with support content. It 
translates an end-user's informal, noisy query text into a support answer. However, 
due to bursty search traffic, rapidly evolving content, and expensive retrieval features, 
it is challenging to maintain the online reliability of such web-scale search systems. 
The system is made up of several layers that can handle a lot of searches, including a 
main part that spreads out the search load and a backup index that helps manage 
problems and keeps response times steady. Routing is done via health checks and 
circuit breaker design patterns, allowing for graceful degradation in high load and 
partial failures. Bounded query normalization, field-weighted document modeling, 
and tiered empty-result avoidance make degraded mode possible and useful. 
Scheduled drills, versioned index lifecycle management, and user-outcome 
observability keep the fallback warm as content and traffic evolve. All these enable a 
dedicated fallback index as a first-class reliability mechanism, instead of something 
that is only ever invoked in emergencies after the fact.  

Keywords: Self-Service Search, Resilient Architecture, Fallback Index, Circuit 

Breaker, Graceful Degradation 

1. Introduction and Failure Modes in Self-Service Search 

In a self-service support environment, users are more likely to formulate their information needs in 

terse, informal, and unanticipated language as they actively search for a solution to their problem. The 

system must also cope with potentially noisy events and unpredictable spikes in incoming requests, for 

example, for product launches, policy violations, or dealing with external disruptions. Latency 

degradation or availability drops could trigger escalations to contact centers, slowing down operations 

and creating backlogs that could last for hours or even days after the incident. Resilient search 

architecture therefore requires not only scaling of the primary retrieval cluster but also an explicit 

degradation strategy to ensure continued serving of traffic when the primary path is unhealthy or 

saturated.  

The failure modes motivating this architecture are well understood in the distributed systems literature. 

For example, one scenario that causes tail latency amplification is when a small fraction of requests 

occupy server threads long enough to exhaust the server's pool of connections to other components, 

leading to cascading timeouts [1]. In the case of retrieval systems, this problem is further magnified by 

query features with high costs (wildcard operators, multi-field phrase matching, real-time enrichment), 

leading to longer and longer latencies at higher loads. In a system that consists of a hundred servers and 

has a mean request latency of ms and a 99th percentile latency of one second, 63% of user requests will 

take more than one second when a request is handled in parallel by all 100 servers. If the server had an 

outlier rate of 1 in 10,000, this becomes 1 in 5 requests for a 2,000-server installation. For example, for 
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one Google service, one random leaf request had a 99th-percentile latency of ms, while waiting for 100% 

of all the leaf requests to return had a 99th-percentile latency of 140 ms. The fan-out amplification led 

to a 14-fold increase in the latency [1]. 

Another type is partial availability. This happens when one or more of the distributed index's shards 

become unavailable. The retrieval system can still serve requests but returns incomplete result sets; it 

does not return explicit failure messages. This can give the impression to the user that there are no 

relevant results for the current search when, in fact, the system is partially unavailable. 

Thus, the relevant availability requirements for self-service searching are concerned with tail latency. 

Inverted indexes have been proposed as the fastest structure for ad hoc text searches, but Manning et 

al. state that the time for a query will always be Θ(N) under a conjunctive query workload, scaling with 

the corpus size [2]. The desired experience is below 800 ms end-to-end at the 95th percentile and in the 

fallback path below 1200 ms. In degraded mode the quality goal is not relevance but coverage, because 

in many intents a 0-result fallback path is worse than no result at all. The content freshness requirement 

also holds in degraded mode, but for inconvenience value, a bounded staleness of several hours is 

acceptable if high-priority content like policy changes receive high priority [1]․ 

 

2. Reference Architecture: Primary and Fallback Retrieval Layers 

The reference architecture has four key parts: a system for taking in and standardizing content, a main 

retrieval layer that is distributed, a separate backup index, and a service that manages search requests 

and results. These subsystems are decoupled so that they can be scaled, evolved, and maintained 

independently, and so that the failure of a subsystem does not cascade into others.  

2.1 Content Ingestion and Normalization 

The ingestion pipeline consumes content change events produced by the support content platform and 

writes normalized documents to both the fallback index and the primary index in order for them to be 

consumable by a search. The ingest process involves normalizing the titles, summaries, bodies, category 

metadata, language identifiers, publication status, and last-updated timestamps. Quality gates can 

validate required fields and reject documents below a minimum completeness threshold. Idempotent 

processing logic ensures that updates are not applied multiple times if an update is delivered more than 

once. 

Backpressure control prevents indexing bursts from consuming compute resources from query 

workloads. Storage layer distributed file systems, which are used by ingestion pipelines, can 

accommodate aggregate read throughputs of more than 580 MB/s under steady-state workloads. They 

have a burst write throughput for high-frequency update periods of approximately 100 MB/s [3]. At the 

compute layer, distributed data processing frameworks execute jobs on a compute cluster of more than 

1800 compute nodes, processing over 3288 terabytes (TB) of input data for an average of 29423 jobs 

per measurement period. [4] ․ 

2.2 Primary Retrieval Layer 

The primary retrieval layer implements field-level increase, proximity scoring, control for synonym 

expansion, structured filtering, and rich query understanding at query time. The order in which query 

terms are evaluated is critical to performance. Reordering the query terms according to importance can 

reduce the number of inverted lists that need to be loaded. E.g., for a document collection with 12,684 

documents, such a reordering can reduce the number of inverted lists accessed by up to 88%. [5] ․ The 

number of shards is an important tuning knob for the tail latency since the query fan-out increases with 

the number of shards. 
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2.3 Dedicated Fallback Index 

The fallback index is a simplified subsystem that differs from the primary layer only in that it only does 

reranking using local documents, rather than making remote calls to perform query expansion on every 

query. When using inverted list optimization strategies on the fallback corpus, limiting a partial 

similarity computation (that guarantees that all top-n documents are computed, rather than all top-K 

documents) has been shown to reduce CPU time by up to 84%, with no more than 10% degradation in 

retrieval effectiveness [5]. 

2.4 Synchronization and Response Shaping 

The primary and fallback indices are not perfectly kept in sync. High-priority updates reach the fallback 

index within minutes. Regular content updates are queued for batch rebuilds and normally applied 

within scheduled index rebuild windows [5]. Such pipelines are usually implemented on distributed file 

systems, replicating each block three times. For example, recovery of a chunk server with 600 GB of 

storage and 15,000 chunks was completed in 23.2 minutes with a replication throughput of 440 MB/s 

[3]. Response shaping normalizes the result data structure for primary and fallback, with a maximum 

number of results being returned in fallback mode to the top five to ten. High-cost enrichment 

operations, such as dynamic snippet generation, were disabled during fallback mode. 

Infrastructure Layer Metric Value Unit 

Storage Layer (Distributed File 

System) 

Steady-State Read 

Throughput 
580 MB/s 

Storage Layer (Distributed File 

System) 
Burst Write Throughput 100 MB/s 

Compute Layer (Processing 

Framework) 
Cluster Size 1,800 Nodes 

Compute Layer (Processing 

Framework) 
Input Data Processed 3,288 TB 

Compute Layer (Processing 

Framework) 

Jobs per Measurement 

Period 
29,423 Jobs 

Table 1: Storage and Compute Performance Metrics in Ingestion Infrastructure [3-5] 

 

3. Routing Logic and Resilience Controls 

3.1 Health-Based Routing and Circuit Breaker 

The orchestration service also uses a circuit breaker pattern for health-based routing. The circuit 

breaker pattern is a common resilience design pattern used in microservices architectures. It avoids 

delaying client requests by preventing additional requests from being sent to a failing dependency and, 

in so doing, wasting resources on both the client and the dependency [6]. This can benefit the 

distributed search system because a layer's degradation can cause degradation to its dependent services 

[6].  

There are three states of the circuit breaker: closed, open, and half-open. In the closed state, all traffic 

is sent to the primary layer. While open, all traffic is sent to the fallback index. In the half-open state, a 
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controlled probe volume through the primary layer is performed to test whether the primary layer has 

recovered and is again fit for production traffic [6]. State transitions are controlled by the signal's 

configurable thresholds. State transitions should be logged. Operations staff should generally be able to 

manually trip and reset breakers, overriding state changes if they are not caused automatically [6].  

3.2 Time Budgets and Retry Control 

Time budgets are end-to-end deadlines at the request level. Each incoming search request has a global 

deadline and a sub-budget for the main retrieval call, which has a separate deadline. If the deadline for 

the main sub-budget has elapsed while waiting for a response, the orchestration service immediately 

sends a request using the fallback path to save the budget for this case. ․ 

Retrying must be bounded and health-aware, and since remote calls can be slow, it is a good idea to use 

a future or promise, which runs them on a separate thread and waits for the result [6]. Unbounded retry 

loops may create an intermediate load and speed up failure spirals. Retry policies should disable retries 

when a circuit breaker is "open" or when the error rate is increasing.  

3.3 Overload Protection and Resource Partitioning 

Overload protection prevents expensive requests from overwhelming the retrieval platform during 

overloads. By drawing all request-handling threads from a dedicated thread pool, the circuit can break 

as soon as the pool is exhausted, providing a natural ceiling on resource usage under overload 

conditions.   Principles of security monitoring can be applied to the continuous environment evaluation 

to highlight and prioritize workloads with the highest risk so that teams can focus remediation efforts 

with the biggest impact on the overall system stability [7].  

Resource partitioning prevents the blast radius of a primary layer overload. The orchestration service 

uses different concurrency limits and thread pools for primary and fallback calls. To prevent primary 

saturation from consuming worker capacity needed for fallback serving, the bulkhead pattern uses rate 

limits and request prioritization to protect high-value traffic, such as requests from logged-in users in 

an active support session, while shedding low-priority background load, such as prefetching analytics 

data and warming non-critical content.  

Circuit 

Breaker State 

Traffic 

Routing 

Destination 

Primary Layer 

Active 

Fallback Index 

Active 
Purpose 

Closed Primary Layer Yes No 

Normal operation; full 

retrieval features 

available 

Open Fallback Index No Yes 

Primary layer 

unhealthy; all traffic 

shifted to fallback 

Half-Open 

Primary Layer 

(Probe Volume 

Only) 

Partial Standby 

Controlled recovery 

testing before full 

traffic restoration 

Table 2: Circuit Breaker State Transitions and Traffic Routing Behavior [6, 7] 
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4. Relevance Engineering Under Degraded Operation 

4.1 Document Modeling and Field Weighting 

Document modeling is the first step in relevance engineering for self-service search. Support content is 

well-structured, with a title, summary, and structured body, and it lends itself to increasing at the field 

level. In the case of short queries, the title and snippet fields provide the strongest field-level signal since 

they provide a simplified representation of the document author's information goal. Retrieval 

experiments show that even using hand-created concept expansion with 742,000 documents does not 

yield greater than a 1.7% gain in average precision, thus requiring careful engineering of the field-level 

signals [9]․ 

Structured fields (category, subcategory, language, publication status) allow more precise filtering 

retrieval without the overhead of full-text scoring. For fallback retrieval, structured fields are more 

essential; bounded query features reduce the available ranking vocabulary. The category membership 

scores are stored as numeric fields at the document level so that they do not need to be computed at 

query time․ 

4.2 Query Normalization with Bounded Cost 

Techniques to increase recall in the presence of user noise, such as lowercasing, removing punctuation, 

stemming or lemmatizing words, and filtering out words, are referred to as query normalization. 

Furthermore, even in the case of performing normalization in this degraded mode, the computational 

cost of normalization needs to be limited, as expanding too aggressively on the entire collection can hurt 

retrieval performance by 14.2% when automatic synonym selection methods are not appropriately 

limited. [9]․ 

Using synonym expansion considerably improves recall to find domain terms; however, care must be 

taken to avoid a reduction in precision. For search engines, assessment criteria often rely on duplicates, 

stale links, and mirror documents, which fall into the non-relevant category. All of these sources of noise 

can affect how much precision synonym expansion can provide [8]. A focused synonym set based on 

query log data and validated by content ops teams can deliver the majority of recall benefit at a fraction 

of the computational cost of a full synonym dictionary. 

4.3 Avoiding Empty Results and Supporting Exploration 

An empty result list is, in some ways, the worst failure mode of a self-service search, as the user 

articulates their question but receives no feedback on what to do; therefore, empty-result avoidance 

must be implemented in fallback mode. If the main query does not return any results after 

normalization, a set of fallback queries are attempted, including title-only query matching, category-

level queries which use the same approach to rank the top articles in the closest category, and a set of 

high-confidence general guidance articles․ 

Such broadening should be evaluated against appropriate query samples to avoid introducing spurious 

noise, which can reduce user confidence in the output. User studies on ranked retrieval have shown that 

users view results top-down and attend most to the first two abstracts. It has also been shown that 

preference measurements of this kind are consistent with explicit relevance judgments 80.8% of the 

time [10] ․ 
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Normalizatio
n Technique 

Operation 
Type 

Computational 
Cost 

Effect on 
Recall 

Effect on 
Precision 

Applicable in 
Degraded 
Mode 

Lowercasing 
Text 
transformation 

Low Positive Neutral Yes 

Punctuation 
Removal 

Text 
transformation 

Low Positive Neutral Yes 

Stemming / 
Lemmatization 

Morphological 
reduction 

Moderate Positive Neutral Yes 

Stopword 
Filtering 

Token 
elimination 

Low Positive Positive Yes 

Controlled 
Synonym 
Expansion 
(Focused Set) 

Lexical 
expansion 

Moderate 
Strongly 
Positive 

Moderately 
Positive 

Yes 

Aggressive 
Automatic 
Synonym 
Expansion 

Lexical 
expansion 

High Positive Negative  No 

Hand-Created 
Concept 
Expansion 
(742,000 docs) 

Semantic 
expansion 

High 
Marginally 
Positive 
(+1.7% max) 

Neutral to 
Negative 

No 

Table 3: Query Normalization Techniques and Retrieval Performance Impact [8-10] 

 

5. Observability, Lifecycle Management, and Operational Readiness 

5.1 Metrics and Dashboards 

Infrastructure metrics that correlate to user outcome metrics should be part of a robust observable 

search architecture. Infrastructure metrics, like error rate, how long it takes to get results for different 

percentages of requests, delays in adding new data, and how often and long circuit breakers are used, 

can help automate routing choices and guide planning for system capacity. User outcome metrics like 

empty result rate, query reformulation rate, and escalation rate show in which scenarios the system is 

valuable and in which degraded mode is acceptable․ 

When comparing infrastructure and user metrics on dashboards, it is recommended to use the same 

timescale so that teams are able to see relevant regressions. Query expansion experiments on a large 

retrieval collection show that average precision only improves by under 1.7% despite concept expansion 

on manually selected documents. These relevance regressions are small and can be difficult to identify 

without timestamps on the metrics [9]. A sudden increase in the reformulation rate after a routing event 

can indicate that the fallback relevance during that time period was not sufficient for the query mix․ 

5.2 Index Lifecycle Management and Safe Changes 

Index lifecycle management can handle schema evolution, analyzer updates, and synonym updates. 

They happen on a versioned index with a staged cutover that allows the old index to remain on the 

cluster for rapid rollback if a regression occurs. Ranking and analyzer updates introduce relevance risk 

not adequately quantified by infrastructure metrics. An offline evaluation pipeline that measures 

ranking quality on human-judged sets should gate relevant production promotion. Studies of retrieval 

evaluation suggest that the inter-judge agreement on pairwise relevance preferences is just under 90% 

(89.5%), and this could be viewed as the target quality for automatic gates [10]. 

5.3 Security, Governance, and Incident Response 

Security and governance controls apply regardless of whether the primary or alternate serving path is 

being executed. Access control decisions must be consistent, and audit trails must contain routing 
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decisions, query execution results, and circuit breaker state transitions in order to ease incident 

investigation and compliance auditing․ 

Governance processes for synonym sets and other forms of content change help limit the risk of 

relevance regression. Evidence from retrieval studies with collections of 742,000 documents shows that 

expanding the search query using synonym sets automatically selected from the content documents 

does not lead to a statistically important improvement in precision over query terms alone. In its most 

aggressive configuration, it can cause a 14.2% degradation [9]. During incidents, well-documented 

runbooks for fallback activation, circuit breaker manual override, and escalation are essential. Post-

incident review should include discussions of how often fallbacks were used and where documentation 

fell short[13]․ 

Metric 
Category 

Metric Name Primary Use 
Indicates When 
Elevated 

Dashboard 
Correlation 

Infrastructur
e 

Error Rate 
Automated routing 
decisions 

Primary layer 
instability 

Correlate with 
escalation rate 

Tail Latency 
(Percentile 
Thresholds) 

Capacity planning 
and routing 

Latency 
degradation in 
primary path 

Correlate with 
query 
reformulation rate 

Indexing Lag 
Freshness 
monitoring 

Ingestion pipeline 
backpressure 

Correlate with 
empty result rate 

Circuit Breaker 
Activation 
Frequency 

Routing 
automation 

Repeated primary 
layer failures 

Correlate with 
escalation rate 

Circuit Breaker 
Activation Duration 

Incident severity 
assessment 

Extended primary 
layer unavailability 

Correlate with 
query 
reformulation rate 

User 
Outcome 

Empty Result Rate 
Fallback relevance 
quality 

Fallback coverage 
gap for query mix 

Correlate with 
indexing lag 

Query 
Reformulation Rate 

Relevance 
regression 
detection 

Insufficient 
fallback relevance 

Correlate with tail 
latency and 
routing events 

Escalation Rate 
System value 
assessment 

Search failure 
driving contact 
center load 

Correlate with 
error rate and 
circuit breaker 
activation 

Relevance 
Benchmark 

Average Precision 
Gain from Concept 
Expansion 

Relevance 
regression baseline 

Improvements 
below 1.7% 
indicate marginal 
gain 

Correlate with 
reformulation rate 
post-routing event 

Table 4: Infrastructure and User Outcome Metrics for Observability and Routing Decisions [9, 10] 
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6. Advanced Strategies: Multilingual Support, Caching, and Continuous Validation 

6.1 Multilingual Search and Localization 

Most multilingual searches require language-specific indexing and retrieval, which can often be 

accomplished by simply storing language-specific analysis fields and a language identifier field and 

implementing language detection at query time with routing to a set of language-specific analyzers. 

Languages should be prioritized based on their frequency in the primary index and have a reasonable 

level of coverage for languages that are in both indexes[14]. 

Another concern is consistent tokenization and normalization on the primary and fallback paths to 

ensure reasonably predictable behavior when degraded mode is activated. For example, if the primary 

and fallback paths use different analyzers for the same content, the user may receive qualitatively 

different search results when degraded mode is activated. Localization metadata is information such as 

the countries the policy is applicable to, locale-specific terminology mappings, etc. This information 

should be modeled as explicit fields in the document and not be inferred at query-time, as in the case of 

LinkedIn, where the related search store is actually keyed by search term and locale, as their website is 

international [11]․ 

6.2 Caching and Edge Strategies 

Caching techniques can be utilized to reduce the load on the primary and fallback indices, which in turn 

decreases latency for common intents. For example, at LinkedIn, 70% of derived data applications are 

served by key-value access indicating that read-heavy workloads tend to cluster around a bounded set 

of high-frequency retrievals [11]․ Voldemort production key-value stores at LinkedIn have maintained 

sub-10 ms 99th percentile latency across 200+ stores for more than three years, which is a reasonable 

point to estimate what well-designed read caching layers can achieve at scale [11]․ At overload, the 

reliance on the cache can be increased to the maximum possible coverage of normalized query variants 

to reduce load on both indices, in addition to circuit breaker controls[15]․ 

6.3 Continuous Validation and Resilience Drills 

Continuous validation changes the pattern from emergency fallback to a standard reliability check: load 

tests of normal and degraded mode show the routing time thresholds are working as expected. The 

production workflows (50-100 jobs), staged dev and production environments, and mandatory 

integration tests before promotion are patterns that parallel the search fallback validation pipelines [11]

․ 

Controlled tests that regularly send a small amount of real traffic through the fallback path during 

normal operations help identify issues with index drift and relevance regressions before they lead to 

problems. HiStar applied an aspect of the principle of minimizing the trusted code surface area to its 

OS kernel, which was implemented as about 15,200 lines of C code, about 45% smaller than its 

predecessor, the CLIPS kernel. Similar to fallback validation, the smaller and better defined a trusted 

path is, the easier it is to execute and validate. [12] Drill results should be reviewed by both the platform 

engineering and content operations teams, as gaps in content are as likely to occur as gaps in 

infrastructure[16]. 
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Conclusion 

Resilient self-service search requires more than scaling a primary retrieval cluster—it demands an 

intentionally designed fallback path that preserves functional continuity when the primary layer 

becomes unhealthy or saturated. A special fallback index, which has limited query features, few runtime 

dependencies, and a reliable ranking system, helps maintain service when the main system is not 

working well by failing in a different way than the main system. Health-based routing, guided by circuit 

breaker rules, allows for predictable changes in traffic, while overload protection and dividing resources 

help prevent failures from spreading throughout the platform. Relevance engineering practices 

designed for when the system is not working well—like expanding search options in steps, filtering 

information in an organized way, and using specific synonym groups—make sure that the fallback path 

provides useful results and doesn't When it is updated regularly, tested through planned exercises, and 

tracked using user results and system signals, the fallback index changes from just an emergency backup 

into a reliable tool that improves the platform's performance in both normal and challenging situations. 
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