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ABSTRACT 

 

  
Enterprise distributed systems have passed through at least three identifiable architectural eras over 

the past two decades: an era organized around service-oriented architecture (SOA) and the formal 

service contracts Papazoglou's (2003) foundational analysis establishes as its defining concern, an era 

organized around cloud computing as an elastic, on-demand deployment and delivery model built on 

the virtualization substrate Barham et al.'s (2003) work on the Xen hypervisor helped establish as 

practical at scale, and an era organized around microservices as a finer-grained, independently 

deployable successor to monolithic and coarse-grained service architectures. This review synthesizes 

the peer-reviewed literature on service-oriented architecture, cloud computing as a deployment and 

delivery model, and the evolutionary relationship between SOA, cloud computing, and microservices, 

with particular attention to the concerns that recur across all three eras: service contracts and interface 

design, elastic resource provisioning, and the structural limits distributed consistency imposes 

regardless of which architectural style sits above it. The review draws on the foundational conceptual 

treatment of service-oriented computing (Papazoglou, 2003), the architectural principles underlying 

REST-based service interfaces (Fielding & Taylor, 2002), the authoritative definition of cloud 

computing's service and deployment models (Mell & Grance, 2011), an influential systems-level view 

of cloud computing's technical and economic characteristics (Armbrust et al., 2010), the virtualization 

technology that made elastic cloud infrastructure practical (Barham et al., 2003), the evolutionary 

trajectory from service-oriented architecture toward microservices (Dragoni et al., 2017), a systematic 

mapping of the microservices literature (Pahl & Jamshidi, 2016), the foundational distributed-systems 

constraint that applies across every era reviewed (Gilbert & Lynch, 2002), the continuous-evaluation 

principle increasingly applied to access across distributed enterprise systems regardless of 

architectural style (Rose et al., 2020), and the cloud-native infrastructure now underlying enterprise 

systems built in any of these architectural styles (Deng et al., 2024). The review finds that each 

architectural era did not so much replace its predecessor's concerns as inherit and re-address them at 

a different granularity, a continuity that is often obscured when each era is treated as a self-contained 

topic rather than read as part of one evolving line of practice.  
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Introduction 

Enterprise distributed systems have passed through at least three identifiable architectural eras over the past 

two decades, and a practitioner or researcher encountering only the current era's literature can easily miss 

how much of its vocabulary and concerns were inherited rather than invented. An era organized around 

service-oriented architecture (SOA) treated the formal service contract — a well-defined interface a 

consumer could invoke without knowledge of the provider's internal implementation — as its central 

organizing concern, a concern Papazoglou's[1] foundational conceptual analysis of service-oriented 

computing establishes as SOA's defining characteristic. A subsequent era organized around cloud computing 

treated elastic, on-demand provisioning of computing resources as its central concern, a model Mell and 

Grance's[2] authoritative NIST definition formalizes into recognized service models (infrastructure, 

platform, and software as a service) and deployment models, made practically achievable at scale by the 
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virtualization technology Barham et al.'s[3] work on the Xen hypervisor helped establish as efficient enough 

for production use. A still more recent era organized around microservices treated independently deployable, 

finer-grained services as its central concern, a style Dragoni et al.[4] document is better understood as an 

evolutionary trajectory continuing from what came before than as a wholesale architectural break. 

Three specific, well-documented observations motivate reading these three eras as one continuous line of 

practice rather than three separate topics. First, the service contract concern SOA establishes as central does 

not disappear once cloud computing or microservices become the dominant vocabulary; Fielding and 

Taylor's[5] principled architectural analysis of REST establishes interface design principles — statelessness, 

uniform resource interfaces, clean client-server separation — that apply to a cloud-hosted microservice's API 

just as much as to an SOA-era web service, even though the specific protocol conventions in use have shifted 

from SOAP-based web services toward REST and, increasingly, event-driven interfaces. Second, the elastic 

provisioning concern cloud computing establishes as central does not originate with cloud computing as a 

marketing category; Armbrust et al.'s[6] influential systems-level analysis documents that the economic and 

technical case for elasticity — paying for compute capacity as a utility rather than provisioning for peak load 

in advance — was itself built on virtualization capabilities Barham et al.[3] had already established as 

practical years before "cloud computing" became the standard term for the resulting deployment model. 

Third, the structural limits of distributed consistency Gilbert and Lynch's[7] proof of the CAP theorem 

establishes apply identically regardless of which architectural vocabulary — SOA, cloud, or microservices 

— is layered above the underlying distributed system, meaning a concern often discussed as though it were 

specific to microservices is, in fact, a constant across all three eras this review considers. 

These three observations compound into a specific, underappreciated continuity: each architectural era did 

not so much solve and retire its predecessor's central concerns as re-address them at a different granularity, 

under a different name, often without explicit acknowledgment of the earlier work establishing the same 

underlying problem. Deng et al.'s[8] survey of cloud-native computing documents the current infrastructure 

substrate — container orchestration, elastic scaling automation — on which enterprise systems built in any 

of these architectural styles increasingly run, and Rose et al.'s[9] zero trust architecture formulation 

documents that continuous access evaluation is now expected regardless of whether the system being 

accessed is organized as SOA-era web services, cloud-hosted applications, or microservices. No single piece 

of literature reviewed in this paper traces the continuity of service-contract, elastic-provisioning, and 

distributed-consistency concerns across all three eras explicitly; that continuity is this review's specific 

contribution. 

This review proceeds as follows. The Review Methodology section describes the review methodology. The 

Foundations of Service-Oriented Architecture section reviews the foundational literature on service-oriented 

architecture and its defining service-contract concern. The Cloud Computing section reviews cloud 

computing as a deployment and delivery model and the virtualization substrate that made it practical. The 

Microservices section reviews the literature documenting microservices as an evolutionary continuation of 

SOA rather than a clean break from it. The Recurring Distributed-Systems Concerns section reviews the 

distributed-systems concerns — consistency, continuous access evaluation, and cloud-native deployment — 

that recur across all three eras. The Comparative Synthesis section presents a comparative synthesis. The 

Discussion section discusses the synthesis, this review's limitations, gaps in the current literature, and 

directions for future research, before the Conclusion. 

Review Methodology 

This review follows a thematic, narrative synthesis approach rather than a formal systematic review 

conducted against a pre-registered search protocol. Sources were selected for their foundational or widely 
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cited status within each of the three architectural eras under review — service-oriented architecture, cloud 

computing, and microservices — and for direct relevance to the specific continuity this review traces: the 

persistence of service-contract design, elastic-provisioning economics, and distributed-consistency 

constraints across eras that are more often treated as self-contained topics. Source-weighting favored 

foundational, highly cited conceptual and systems-level treatments of each era (such as Papazoglou's, 2003, 

conceptual analysis of SOA and Armbrust et al.'s, 2010, systems-level analysis of cloud computing) over 

narrower empirical studies specific to one era, because tracing continuity across eras required sources that 

each, within their own era, addressed the architectural concern at a comparable level of generality. This 

review does not claim the exhaustive database search coverage a formal systematic review would provide, 

and the comparative table and figure in the Comparative Synthesis section are this review's own interpretive 

synthesis of the cited literature's findings, not a value reported by any single cited source. 

Source weighting additionally favored literature published close to a given era's period of dominant practice 

over later retrospective treatments, on the reasoning that a source written during an era's own period of active 

adoption — such as Papazoglou's (2003) analysis written near the height of SOA adoption, or Armbrust et 

al.'s (2010) analysis written as cloud computing was becoming an enterprise default — more directly reflects 

that era's own self-understanding of its defining concerns than a later source reconstructing that understanding 

in hindsight. Where a later, retrospective source was used instead (such as Dragoni et al.'s, 2017, evolutionary 

account of microservices written after SOA's period of dominant practice had already passed), it was selected 

specifically because it explicitly addresses the relationship between eras rather than treating its own era in 

isolation, consistent with this review's specific focus on continuity rather than on any single era's internal 

literature alone. 

Foundations of Service-Oriented Architecture 

Papazoglou's[1] foundational conceptual analysis establishes service-oriented computing as an architectural 

paradigm organized around services: self-describing, platform-independent computational elements that 

support rapid, low-cost composition of distributed applications, with the formal service contract — a 

published interface a consumer could invoke without needing to know the provider's internal implementation 

— as the paradigm's defining characteristic. This formal-contract concern shaped the web-services protocol 

stack that became SOA's dominant implementation vocabulary, but the underlying architectural principle it 

reflects is broader than any specific protocol: Fielding and Taylor's[5] principled analysis of REST 

establishes an alternative, lighter-weight set of interface-design principles — statelessness, uniform resource 

interfaces, clean client-server separation — that ultimately proved more durable than the SOAP-based 

protocol stack SOA's early implementations typically used, even as the formal-contract concern Papazoglou 

(2003) identifies as SOA's defining characteristic persisted into REST-based interface design. Read together, 

this literature establishes that SOA's lasting contribution was less a specific protocol stack than a durable 

architectural principle — that a distributed enterprise system should be composed of well-defined, 

independently invokable services — a principle later eras inherited even as they changed its implementation 

vocabulary. 

Cloud Computing as a Deployment and Delivery Model 

Mell and Grance's[2] authoritative NIST definition formalizes cloud computing around five essential 

characteristics — on-demand self-service, broad network access, resource pooling, rapid elasticity, and 

measured service — and three service models (infrastructure, platform, and software as a service), 

establishing a standard vocabulary subsequent literature and industry practice have widely adopted. Armbrust 

et al.'s[6] influential systems-level analysis extends this definition into a concrete technical and economic 

argument, documenting that cloud computing's value proposition rests specifically on the ability to provision 
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computing capacity elastically, as a utility, rather than requiring an enterprise to provision its own 

infrastructure for anticipated peak load in advance. This elasticity, in turn, depended on virtualization 

technology mature enough to isolate and dynamically allocate computing resources efficiently at scale; 

Barham et al.'s[3] work on the Xen hypervisor establishes that such virtualization was technically practical 

with substantially lower overhead than earlier approaches, a technical precondition this literature documents 

as necessary for the economic case Armbrust et al. (2010) build on top of it. Read together, this literature 

establishes that cloud computing's defining concern — elastic, on-demand resource provisioning — was not 

a spontaneous shift in architectural philosophy so much as a deployment-model consequence of virtualization 

technology reaching practical maturity, formalized into the standard vocabulary subsequent practice now 

uses. 

Microservices as an Evolutionary Continuation of Service-Oriented Architecture 

Dragoni et al.[4] document that microservices architecture is better understood as an evolutionary trajectory 

continuing from service-oriented architecture's underlying concerns than as a wholesale architectural break 

from it, identifying independently deployable granularity and decentralized governance as the specific 

dimensions along which microservices extends rather than discards SOA's formal-contract principle. Pahl 

and Jamshidi's[10] systematic mapping study of the broader microservices literature documents that this 

literature frequently positions microservices in explicit contrast to SOA's historically more centralized 

governance model — a shared enterprise service bus, centrally managed service contracts — while retaining 

the formal-contract concern itself at a finer granularity, applied now to a single, narrowly scoped service 

rather than a coarser-grained SOA-era web service. Read together, this literature establishes that 

microservices did not retire the service-contract concern the Foundations of Service-Oriented Architecture 

section establishes as SOA's defining characteristic; it instead changed the granularity at which that concern 

applies and the governance model surrounding it, while deploying on the cloud-native, elastically provisioned 

infrastructure the Cloud Computing section establishes cloud computing made practical. 

Recurring Distributed-Systems Concerns Across All Three Eras 

Gilbert and Lynch[7] formally establish that no distributed system can simultaneously guarantee perfect 

consistency, availability, and partition tolerance, a structural limit that applies identically to an SOA-era 

distributed web-services system, a cloud-hosted application, and a microservices system, regardless of which 

architectural vocabulary is layered above the underlying distributed infrastructure. This constancy is 

frequently obscured in literature specific to any one era, which tends to discuss the CAP theorem's 

implications as though they were newly relevant to that era's specific architectural style rather than a constant 

the era inherited from the distributed-systems literature generally. Rose et al.'s[9] zero trust architecture 

formulation documents a similar pattern on the security side: the principle that access should be evaluated 

continuously rather than granted indefinitely on the strength of a prior authentication event applies to an 

SOA-era web service, a cloud-hosted application, and a microservice identically, even though zero trust 

architecture's literature and standards vocabulary emerged well after SOA's own era of dominance. Deng et 

al.'s[8] survey of cloud-native computing documents the current infrastructure substrate — container 

orchestration, automated elastic scaling — that now underlies enterprise systems built in any of these three 

architectural styles, extending the virtualization-enabled elasticity the Cloud Computing section establishes 

into its current, more automated form. Read together, this literature establishes that distributed consistency, 

continuous access evaluation, and elastic infrastructure are not concerns specific to any one of the three eras 

this review considers; they are constants each era re-addresses using that era's own vocabulary and tooling. 
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Interoperability and Interface Standardization Across Eras 

A further concern recurs across all three eras alongside service contracts, elastic provisioning, and distributed 

consistency: the question of which interface conventions and standards a consuming system must adopt to 

interoperate with a provider it does not control. Papazoglou's[1] conceptual analysis documents that SOA's 

web-services protocol stack — SOAP, WSDL, and the broader set of WS-* standards — was itself an attempt 

to establish a shared, vendor-neutral interoperability standard precisely because enterprise distributed 

systems of that era otherwise risked fragmenting into incompatible, provider-specific integration approaches. 

Fielding and Taylor's[5] REST principles established a lighter-weight alternative that, read in hindsight, won 

out as the dominant interoperability convention for the cloud computing and microservices eras, but the 

underlying motivation — a shared, documented interface convention reducing the integration burden on any 

single consuming system — is the same motivation Papazoglou (2003) documents for the SOA-era web-

services stack. Pahl and Jamshidi's[10] systematic mapping study documents that the microservices literature 

frequently treats API design and documentation conventions as a first-class architectural concern in their own 

right, a continuation of the same interoperability concern under a different name and a lighter-weight 

protocol. Read together, this literature establishes that interoperability standardization, like the three concerns 

the Comparative Synthesis section compares directly, is a constant each era re-addresses with its own 

preferred convention rather than a concern unique to any single era. 

Comparative Synthesis 

Table 1:  Comparison of Architectural Eras Along Recurring Concerns 

Table 1.  comparison of architectural eras along recurring concerns. 

Recurring Concern SOA Era Cloud Computing Era Microservices Era 

Service contract 

granularity 

Coarse-grained, 

centrally governed web 

services 

Coarse-to-moderate 

granularity, platform-

dependent 

Fine-grained, 

independently 

deployable services 

Resource provisioning 

model 

Largely static, pre-

provisioned 

infrastructure 

Elastic, on-demand, 

utility-billed 

infrastructure 

Elastic, container-

orchestrated 

infrastructure 

Dominant interface 

vocabulary 

SOAP-based web 

services and WSDL 

contracts 

Provider-specific APIs 

alongside REST and 

SOAP 

REST and event-driven 

interfaces predominate 

Governance model 

Centralized, often via 

an enterprise service 

bus 

Provider-managed 

platform governance 

Decentralized, per-

service governance 
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Figure 1:  Three Architectural Eras of Distributed Enterprise Systems 

 

Figure 1.  pattern synthesized from the reviewed literature: three architectural eras of distributed 

enterprise systems, shown as strata with recurring concerns running through all three. 

This table and diagram synthesize qualitative findings the cited literature reports rather than reproducing a 

single study's measured values; they are an interpretive summary, not new data. 
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Figure 2:  Emphasis Scores Across Architectural Eras 

 

Figure 2.  emphasis scores (0-10 scale), synthesized from the cited literature, for the SOA, cloud 

computing, and microservices eras across recurring concerns. 

Note: These scores are an  synthesis of qualitative findings reported across the cited literature (Papazoglou, 

2003; Mell & Grance, 2011; Armbrust et al., 2010; Dragoni et al., 2017; Pahl & Jamshidi, 2016) rather 

than a scored evaluation instrument applied to any single system, and should be read as a reasoning aid 

summarizing this review's qualitative synthesis rather than as measured data. 

Discussion 

Synthesis 

This review's central finding is that service-oriented architecture, cloud computing, and microservices are 

more accurately read as one continuous evolutionary line addressing a stable set of underlying concerns — 

service-contract design, elastic resource provisioning, and distributed-systems constraints — at increasing 

granularity and decreasing centralization, than as three independent architectural topics each requiring its 

own literature to be understood in isolation. Service-contract formality, on this synthesis, did not decline in 

importance from SOA to microservices so much as change its enforcement mechanism, from a centrally 

governed enterprise service bus to decentralized, per-service API design. 

Limitations of This Review 

This review is a thematic, narrative synthesis rather than a formal systematic review conducted against a pre-

registered protocol, so it does not claim the exhaustive search coverage a systematic review with explicit 

inclusion and exclusion criteria would provide; sources were selected for foundational status and direct 

relevance to the cross-era continuity this review traces rather than through a comprehensive database search 

across every venue publishing SOA, cloud computing, or microservices research. The emphasis scores in 

Figure 2 are this review's own interpretive synthesis of qualitative findings reported across several studies, 

not a value reported by any single cited source, and should be read accordingly as a reasoning aid rather than 

as a citation-backed quantitative result in its own right. 
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Gaps in the Current Literature 

The literature on each of the three architectural eras this review considers is substantial individually, but 

literature explicitly tracing the continuity of specific concerns — such as service-contract design — across 

all three eras, rather than treating each era as a self-contained topic, is comparatively sparse; this review's 

synthesis itself fills part of that gap but does not substitute for a dedicated empirical study measuring how 

specific concerns persist across era boundaries within the same enterprise's own architectural history. The 

literature this review draws on for the cloud computing era (Mell & Grance, 2011; Armbrust et al., 2010; 

Barham et al., 2003) substantially predates the more recent cloud-native, container-orchestrated 

infrastructure Deng et al. (2024) document, meaning this review's cloud-computing-era synthesis rests partly 

on foundational sources whose specific technical details have since evolved even as their underlying 

architectural principles remain applicable. 

Future Research 

Empirical research tracing a single long-lived enterprise system's architectural history across all three eras 

— documenting how its service contracts, provisioning model, and governance structure actually changed as 

the organization moved from SOA-era web services through cloud adoption to microservices decomposition 

— would directly test and extend this review's central synthesis. Research explicitly connecting the zero trust 

continuous-evaluation principle[9] to the service-contract and governance concerns the Foundations of 

Service-Oriented Architecture and Microservices sections establish, rather than treating continuous access 

evaluation as a concern specific to the current era, would further strengthen the cross-era continuity this 

review argues for. 

Conclusion 

This review has argued that service-oriented architecture, cloud computing, and microservices are best 

understood not as three independent architectural topics but as one continuous evolutionary line addressing 

a stable set of underlying concerns at increasing granularity and decreasing centralization. The formal service 

contract SOA establishes as its defining characteristic[1], given a lighter-weight and ultimately more durable 

expression through REST's architectural principles[5], persisted into the cloud computing era's provider-

managed APIs (Mell & Grance, 2011; Armbrust et al., 2010) and the microservices era's fine-grained, 

independently deployable service interfaces (Dragoni et al., 2017; Pahl & Jamshidi, 2016), even as its 

enforcement mechanism shifted from centralized governance toward decentralized, per-service design. The 

elastic resource provisioning cloud computing establishes as its defining characteristic depended on 

virtualization technology SOA's own era had not yet made practical at scale[3], and the distributed-systems 

constraints Gilbert and Lynch[7] formally establish, along with the continuous access-evaluation principle 

Rose et al.[9] formulate, apply identically across all three eras regardless of which architectural vocabulary 

sits above the underlying infrastructure[8]. Reading these three eras as one continuous line, rather than as 

self-contained topics, more accurately reflects what the cited literature, read together, actually documents. 
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