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 Polyglot persistence is the new approach for container-orchestrated 

microservices, where each microservice chooses a data-store 

technology that best fits its workload; and event-carried state transfer, 

where state changes are carried as immutable events through a shared 

log, instead of directly through synchronous calls between services. 

This literature survey investigates the interplay of three research lines: 

schema evolution in heterogeneous NoSQL and polyglot data stores, 

event-driven integration patterns to minimize synchronous coupling 

and distributed transaction management by the saga pattern. The 

review is based on the distributed-systems theory, empirical 

microservice-migration studies, and schema-evolution measurement 

studies, to synthesize a conceptual framework that enables safe, 

independently evolvable microservice data layers through schema-

registry-governed compatibility checking, event-carried state transfer, 

and compensation-based transaction management. The synthesis 

emphasizes the classic dilemma of consistency vs availability, as 

summarized by the CAP theorem, as well as the operational rigidity of 

production database schemas, and the flexibility that NoSQL stores 

with schema-on-read are offered but not guaranteed. Four conceptual 

diagrams and three comparative tables are used to summarize the 

reviewed material as an integrated architectural viewpoint, whereas 

two formal notations are used to summarize the consistency and 

transaction-compensation reasons that underlie the framework. The 

review finds that schema governance, compatibility contracts and 

compensating transactions are complementary mechanisms that do not 

compete and finds open challenges around tooling maturity, 

consistency on cross-store data and schema-level lifecycle management 

at the container-orchestration level. 
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1. INTRODUCTION 

The trend of breaking monolithic 

applications into self-contained microservices 

has been reported as a major architectural 

reaction to the scalability and maintainability 

issues of large, tightly coupled codebases [1], 

[2]. The trait that, as described by systematic 

mapping of the architecting literature, 

distinguishes the style from others is that each 
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service is expected to have its own data and 

expose that data through well-defined 

interfaces; historically this has led to a style of 

developing services, where different data-

storage technologies are used to access 

different services, depending on the patterns 

they follow, and not necessarily the same 

relational schema is used across the whole 

system, which is known as polyglot 

persistence [3], [4]. 

This pattern is widely reported as 

being made feasible at scale by the use of a 

container orchestration platform, which 

enables each service, including its own 

private data store, to be packaged, scheduled, 

and scaled as an independent unit [5]. But it 

does not mean services are independent of 

each other and can't share state. 

Decomposition has been the cause of the large 

shift towards event-driven integration where 

services publish events describing state 

changes and other services consume them 

asynchronously [6], [7]. The pattern is usually 

called event-carried state transfer because 

with the full or partial state that comes with 

the event, consuming services can have local, 

denormalized versions of the data they need, 

without direct queries to the producing 

service. 

This design provides a solution for 

one coupling issue and raises another. After a 

service consumes a locally generated schema 

from a stream of events produced by other 

services, all consumers of the service are now 

dependent on the structure of the events, 

which, by construction, changes when the 

event schema changes. Empirical research on 

the evolution of schemas in NoSQL and 

polyglot systems shows that after the schema 

has been adopted, it tends to be rigid and 

evolves at irregular intervals, implying that 

having no enforced relational schema is not 

enough to resolve the coordination problem 

schema evolution brings to a distributed 

system [8], [9]. Meanwhile, distributed-

systems theory dictates that there are no data-

store designs which can simultaneously offer 

strong consistency, availability and network 

partition tolerance, so any polyglot design 

that crosses stores with different consistency 

guarantees must make explicit decisions 

about where staleness is acceptable and where 

it is not [10], [11]. 

This review aims at providing a 

synthesis of these three, mostly disjointed, 

literatures: polyglot persistence and 

microservice data ownership, schema 

evolution in NoSQL / event-carried data and 

distributed transaction management by 

means of the saga pattern, and to provide a 

conceptual model of how to organize a 

schema-evolution-safe polyglot persistence 

using event-carried state transfer. The rest of 

the paper is structured as follows. In Section 

2, material from the literature on each of the 

three threads is reviewed. The synthesis 

method employed to integrate the sources are 

described in Section 3 and the formal 

notations that support the discussion in 

Section 4 are presented. The integrated 

architectural framework is introduced in 

Section 4 along with an analysis of the 

tensions found in the sources analysed. The 

synthesis is summarised in section 5 and the 

limitations from the literature are 

summarised. 

2. LITERATURE REVIEW 
2.1 Microservice Decomposition and 

Polyglot Persistence 

The microservices concept gained 

popularity as a description of an 

architecture that consists of a collection of 

small, independently deployable services, 

that run their own processes and 

communicate with each other via 

lightweight communication mechanisms 

[1]. Newman focuses on the style by 

pointing out that independent 

deployability demands independent data 

ownership, a shared data base for services 

being coupled, and thus lost [2]. This 

focus is confirmed by a systematic 

mapping study of the architecting 

literature that was conducted, which 

reveals that decentralized data 

management is one of the most common 

architectural issues discussed in the 

empirical microservices literature, along 

with granularity of services and inter-

service communication style [12]. Early 

service-based practices have been cited as 
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the source of the style's evolution and the 

use of containerization and orchestration 

as enabling technologies for fine-grained 

per-service infrastructure to be 

economically viable has been recorded 

[4]. 

The concept of Polyglot 

persistence, that is using a different kind 

of storage technology for each of the 

various parts of an application rather than 

the default of a single relational engine, 

was defined as a named strategy in the 

NoSQL literature, where non-relational 

stores are organized into different 

families including key-value, document, 

column-family, and graph stores, each 

optimized for a different type of access 

patterns [3], [13]. Empirical case studies 

suggest that microservices migrations of 

monolithic single-schema databases are 

motivated mainly by the requirement to 

match the storage model to the query 

patterns of the microservices, as described 

in the multi-model polyglot layout within 

service boundaries [14]. 

In a complementary review of 

polyglot persistence patterns in 

microservice-based apps, the authors 

summarize the pros and cons of per-

service, shared, and hybrid designs, and 

suggest that per-service ownership is 

preferable when independent scalability 

and technology fit outweigh the 

operational costs of dealing with 

heterogeneous stores [15]. Container 

orchestration surveys place this 

operational cost into the context of 

Resource scheduling, Service discovery 

and Lifecycle management, and how 

orchestration platforms hide a lot of the 

heterogeneity of underlying compute and 

storage resources, but are not a solution to 

data consistency issues between different 

services [5]. 

2.2 Schema Evolution in NoSQL and 

Polyglot Data Stores 

As noted in empirical studies of 

schema-evolution, deployed database 

schemas evolve significantly less often 

and much less gracefully than is often 

suggested by flexible data models. A large 

scale empirical analysis of relational 

schema histories revealed that schema 

change is mostly episodic, consisting of 

long periods of stability that are followed 

by occasional change, often in disruptive 

ways, which the authors term as the 

gravitation toward rigidity [8]. An 

empirical investigation of the practices 

used for designing and evolving schemas 

for NoSQL document stores reveals 

similar trends in a schema-flexible 

system: While the underlying engines are 

not schema enforcing, schemas do emerge 

and evolve at the application level, and 

this hidden schema evolution is less easy 

to see and more difficult to control, given 

that the schemas are not enforced by the 

system.An empirical study of the 

practices adopted for designing and 

evolving schemas in NoSQL document 

stores confirms the same patterns: 

schemas evolve and appear at the 

application level without being enforced 

by the system, and this “hidden” schema 

evolution is not as easy to observe and 

control, as it is not enforced by the system 

itself [9]. 

To build on this observation, 

researchers have investigated explicit 

schema versioning and migration 

strategies, such as eager migration 

(rewriting existing records to support a 

new version of the schema) and lazy 

migration (iteratively migrating records 

as they are accessed), along with hybrid 

strategies of a combination of both to 

balance migration costs with the staleness 

of unmigrated records [16]. Building on 

this, self-adapting migration strategies 

suggest that migration strategy should be 

dynamically selected based on observed 

access patterns and workload properties, 

instead of being pre-determined [17]. 

These mechanisms were built mainly for 

a single NoSQL store, and the event-

driven microservice architecture makes 

this situation more complex, since if a 

schema change is made in one 

microservice's local store, it propagates, 

via published events, to all consuming 

microservices' local stores, resulting in a 
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stream of more to more schema changes 

that have to be coordinated across all 

microservices involved in a logical 

schema change. 

2.3 Event-Driven Architecture, Consistency, 

and Event-Carried State Transfer 

As described in the microservices 

literature, event-driven architecture is an 

integration pattern that describes a 

scenario in which services communicate 

with each other by generating and 

consuming events through a persistent, 

ordered event log, instead of making 

direct calls on each other [6]. The style is 

believed to have the advantage of 

reducing temporal coupling (a consumer 

doesn't have to be ready to receive the 

event at the time it is produced), and 

structural coupling (a producer doesn't 

have to know about the identities of the 

consumers). This systematic treatment of 

data-intensive system design places event 

logs as a generic way to propagate state 

changes and defines a pattern for how 

downstream services can create their own 

local, denormalized representations 

continuously while feeding on an 

upstream event stream—event-carried 

state transfer [7]. 

As event-carried state transfer 

must be asynchronous, the consistency 

guarantees that consumers can count on 

are constrained by the event propagation 

delay, which can be captured by the 

impossibility result showing that a 

distributed system cannot simultaneously 

guarantee strong consistency, availability, 

and tolerance of network partitions [11]. 

Further research on eventual consistency 

explores the practical compromise 

between strict consistency and 

unconstrained availability, offering a 

probabilistic characterization of how fast 

the system can converge to consistency 

following a write and cataloguing 

methods, such as session guarantees and 

read-your-writes semantics, that restrict 

the practical impact of staleness without 

compromising on availability [10]. 

Comparative analyses targeting the 

practitioner position the eventual-

consistency and strong consistency trade-

offs as a per data type/per use case 

architectural decision rather than an 

architectural commitment that applies to 

the entire microservices system, as it is 

common for services to have different 

staleness tolerances within a 

microservices system [18]. 

2.4 Distributed Transaction Management: 

The Saga Pattern 

Long-lived transactions that 

involve multiple independently managed 

data stores are not able to use a single 

atomic commit protocol without bringing 

in unnecessary service coupling. The saga 

concept, designed for "long-lived 

transactions" in centralized database 

systems, overcomes this by breaking the 

logical transaction into a series of local 

transactions that are each "compensated" 

by a compensating transaction that can 

undo the effects of the previous 

transaction in the sequence if the 

following transaction fails [19]. In the 

context of microservices, this pattern is 

described as the typical way to ensure 

data consistency between services 

without relying on distributed locks 

(orchestration and choreography are the 

two main styles of coordination) [20]. 

Later studies have tried to 

overcome some of the flaws of the basic 

saga formulation. One study suggests 

improvements that would minimize the 

operational complexity of matching 

compensating transactions between 

services, including cases where 

compensations can fail, or multiple sagas 

use shared resources [21]. Another line of 

work continues the saga and the wider 

microservice patterns and poses that 

compensation logic should be a first-class 

citizen rather than an additional 

afterthought on top of the main 

transaction logic [22]. Distributed 

transaction management is a challenge 

that is identified in its own right from 

empirical studies of the phenomenon of 

migrating to microservices, and the 

absence of the familiar relational 

transactional guarantees is especially 
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highlighted in the many challenges that 

organizations report as they migrate to 

microservices [23]. 

 

Table 1. Comparative Overview of Polyglot Data-Store Categories Discussed in the Reviewed 

Literature 

Store category Representative access pattern Typical consistency posture Source(s) 

Relational 
Structured, multi-entity queries 

with enforced integrity constraints 
Strong, transactional [3] 

Key-value 
High-throughput lookup by a single 

key 
Tunable; often eventual [3], [13] 

Document 
Nested, semi-structured records 

read as a unit 

Tunable; schema emerges at 

application level 
[9], [13] 

Column-family / 

columnar 

Wide, sparse rows; analytical or 

time-series access 
Tunable; write-optimized [13] 

Graph 
Traversal of densely interconnected 

entities 

Typically strong within a 

partition 
[13] 

Source: Categories and characterizations synthesized from the NoSQL and polyglot-persistence 

literature reviewed in Section 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Event-Carried State Transfer Across Containerized, Polyglot-Persistent Microservices 

Source: Each service retains a private, independently versioned local schema; the broker 

enforces compatibility on published event schemas.

3. METHODS 

The synthesis which is reported in 

this paper is a narrative literature-review 

approach that considers the conceptual and 

cross-disciplinary nature of the question 

being addressed. These sources were selected 

from four related literatures: basic 

distributed-systems theory, distributed 

transaction/ Saga pattern theory, empirical 

and prescriptive microservices-architecture 

literature, and NoSQL and polyglot-

persistence schema-evolution studies. The 

key architectural claims, empirical results, 

and mechanisms proposed in each source 

were identified, and then compared across the 

other three literatures to find similarities, 

conflicts, and missing connections. A 

summary of the sources that have been 

reviewed and how they correspond with the 

four literatures synthesized is provided in 

Table 2. 

Table 2. Mapping of Reviewed Sources to the Four Synthesized Literatures 

Literature thread Reviewed sources 

Microservices architecture and 

decomposition 
[1], [2], [4], [5], [12], [23] 
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Literature thread Reviewed sources 

Polyglot persistence and NoSQL data 

models 
[3], [13], [14], [15] 

Schema evolution in NoSQL and 

polyglot stores 
[8], [9], [16], [17] 

Consistency theory and event-driven 

integration 
[6], [7], [10], [11], [18] 

Distributed transactions and the saga 

pattern 
[19], [20], [21], [22] 

The two formal notations that are 

repeated throughout the synthesized 

literature and restated here to aid the 

discussion in Section 4 are the following. The 

two formal notations, which are repeated 

throughout the synthesized literature and 

restated here to aid the discussion in Section 4 

are the following: The impossibility result for 

distributed data stores proves that it is 

impossible to maintain strong consistency and 

full availability in a system when it 

experiences a network partition. This trade-

off is expressed in Equation (1) where C 

represents strong consistency, A represents 

availability, and P represents partition 

tolerance, and P stands for the fact that the 

conjunction of all three cannot be satisfied 

[11]. 

C ∧ A ∧ P ⇒ false  (1) 

Second, the probabilistic treatment of 

eventual consistency expresses the 

probability that a read observes a stale value 

as a decreasing function of the elapsed time 

since the corresponding write, parameterized 

by the replication-delay distribution of the 

underlying store. A simplified form of this 

relationship, following the probabilistic 

bounded-staleness formulation, is given in 

Equation (2), where P denotes the probability 

that a read occurring Δ time units after a write 

returns a value older than that write, and F is 

the cumulative distribution function of the 

store's inter-replica propagation delay [10]. 

Pstale(Δ) = 1 − F(Δ) (2) 

Equation (2) formalizes the intuitive 

property, used throughout the eventual-

consistency literature, that as the elapsed 

interval Δ grows, the probability of staleness 

falls toward zero once the replication delay 

distribution F has fully propagated the write, 

and that the shape of F, rather than a single 

fixed number, determines how quickly a 

given polyglot store converges [10]. Third, the 

saga pattern is formalized as a sequence of 

local transactions with a matching sequence of 

compensations. Given a saga consisting of 

local transactions T₁ through Tₙ, if transaction 

Tₖ fails, the compensations Cₖ₋₁ through C₁ are 

executed in reverse order to semantically 

undo the effects of the transactions that 

already committed, as expressed in Equation 

(3) [19], [20]. 

Saga = (T1, ..., Tk−1, Tk (fails)) ⇒ (Ck−1, ..., C1) (3) 

4. RESULTS AND DISCUSSION  
 

The combination of the four 

literatures reviewed in Section 2 results in a 

layered framework: per-service data-model fit 

(provided by the polyglot perspective); event-

carried state transfer (as the integration 

mechanism); schema registry (as the 

governance layer that prevents incompatible 

changes in the event-carried data across 

independently evolving services); and the 

saga pattern (as the mechanism for 

maintaining cross-service transactional 

integrity when a single logical operation is 

carried out across more than one service). 

Figure 1 shows the resulting architecture, 

Figure 2 shows the CAP trade-off determining 

the consistency posture each service/each 

store must assume, Figure 3 shows the 

schema-compatibility workflow that 

determines whether or not the event schema 

may change, and Figure 4 shows the saga 

compensation flow that determines how a 

partially completed cross-service operation is 

unwound. 
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Figure 2. The CAP Trade-Off as It Applies to Individual Polyglot Data Stores 

Source: Adapted from the impossibility result formalized in [11] and the eventual-consistency 

discussion in [10]. 

 

The first tension that emerges from 

the reviewed sources is the tension created 

between schema flexibility and schema 

rigidity. The NoSQL literature supports 

schema-on-read stores in part because they 

allow for more rapid and uncoordinated 

evolution [3], [13]. However, the empirical 

schema-evolution literature suggests that 

schemas in both relational and NoSQL models 

tend to become rigid after deployment, and 

that, due to their implicit nature, NoSQL 

schemas are more difficult to observe and 

control accurately in practice [8], [9]. This 

tension increases when reading the literature 

on state transfer carried by events: since an 

event schema is by its nature used by services 

that are not necessarily designed by the 

producer, there's no lack of schema contract, 

only the point at which incompatibility is 

found is shifted from the design phase to the 

runtime phase. This problem is addressed in 

the literature on schema evolution by defining 

a compatibility mode (backward, forward, or 

full) for the producer's proposed schema 

version, performing a compatibility check 

against that mode, registering the version, 

and publishing it; consumers will perform 

upcasting or downcasting to reconcile the 

version they read with the version they were 

built against [16], [17]. 
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Figure 3. An Approach to Migrate a Monolith Database into Multi-Model Polyglot Persistence 

Based on Microservice Architecture: A Case Study for Mainframe Database (MDPI,2022) 

Source: Synthesized from the versioning and migration strategies described in [17] and [16]. 

 

Table 3. Schema-Compatibility Modes and Their Implications for Event-Carried State Transfer 

Compatibility 

mode 
Guarantee provided Implication for consumers 

Backward 
New schema can read data written with 

the previous schema 
Consumers may upgrade after producers 

Forward 
Previous schema can read data written 

with the new schema 
Consumers may upgrade before producers 

Full 
Both backward and forward guarantees 

hold simultaneously 

Producers and consumers may upgrade 

independently, in any order 

None No compatibility contract enforced 

Every schema change requires coordinated, 

simultaneous upgrade of producers and 

consumers 

Source: Compatibility-mode definitions synthesized from the schema-evolution and migration 

literature reviewed in Section 2.2 [16], [17]. 

 

The second tension is between 

compensation-based transaction management 

and schema evolution. The compensating-

transaction formalism, restated in Equation 

(3), is fundamental to the saga literature and it 

makes the assumption that transaction Tk can 

be undone by transaction (compensation) Ck, 

in spite of whatever other transactions 

occurred in the intervening time since either 

Tk committed or Ck executed. A 

compensation, however, in a polyglot, event-

carried setting might have to be performed 

against a different service whose local schema 

has since changed and against event data that 

was created in a previous schema version. 

This saga-enhancement literature recognizes 

related operational challenges, such as 

compensations failing, or sagas interweaving 

over shared resources, but does not consider a 

failure in the schema drift between the 

original transaction and its later 

compensation itself as a failure mode [21], 

[22]. This framework is synthesized here, 

which proposes that compensations be 

treated as consumers like the events they are 

meant to compensate, with the same schema-

registry guarantees provided for ordinary 
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event consumers as are provided for event 

consumers as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Saga Compensation Flow for a Cross-Service Transaction 

Source: Synthesized from the original saga formalism [19] and its microservices application [20]. 

 

The third is the issue of the role of 

container orchestration. The orchestration 

literature views scheduling, scaling and 

service discovery as orthogonal to the data 

layer, and focuses on consistency and schema 

issues only indirectly in the choice of 

placement of services and network policies 

[5]. As shown in the synthesis, there is no 

widespread adoption of gating service 

deployment of a new version on a successful 

schema-compatibility check against the 

shared schema-registry, described as an open 

direction in the discussion in Section 5, in the 

literature of orchestration up to 2023 reviewed 

here. 

The four figures and three tables in 

this section all point to the fact that schema 

governance, event-carried state transfer and 

saga-based transaction management are 

complementary pieces of a single consistency-

management approach and not standalone 

architectural decisions. A schema change or 

state change in one service becomes visible 

across services according to consistency 

posture, which is chosen per store based on 

the CAP trade-off in Figure 2, and the 

visibility is schema-compatibility checked 

when it does (shown in Figure 3); finally, 

according to the synthesis, when a cross-

service operation cannot be completed, the 

system recovers using saga-based 

compensation (shown in Figure 4), which 

must itself be schema-compatibility checked. 

5. CONCLUSION 

This review merged four related 

streams: microservice decomposition and 

polyglot persistence, empirical schema-

evolution studies in NoSQL and polyglot 

stores, event-based integration via event-

carried state transfer, and distributed 

transaction management via the saga pattern, 

and presented them in a single conceptual 

framework for schema-evolution-safe 

polyglot persistence in containerized 

microservices. The synthesis reveals that it is 

not sufficient for schema flexibility at the 

individual data-store level to solve the 

coordination issue caused by schema 

evolution when state is shared across services 

via events; that schema-on-read and schema-

in-the-registry are complementary solutions 

that are independent of the underlying stores, 

as illustrated in the second and third figures 

in this paper. It also suggests that the way the 

reviewed literature currently views 

compensation-based transaction management 
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as the typical approach to the loss of cross-

store atomicity should be considered a 

compatibility-aware consumer of the event 

log, and not as a process guaranteed to work 

with data whose schema is fixed. Since this 

review only draws from sources published up 

to 2023, its conclusions can only be interpreted 

as a summary of the research published until 

then; the open questions raised here, 

especially the maturity of tools to ensure 

consistency across stores and the maturity of 

container-orchestration platforms to 

incorporate schema-lifecycle policy, are 

presented as suggestions for empirical 

research rather than as final conclusions. 
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