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Executive Summary
The rise of Agentic AI – autonomous systems that plan, reason, and execute multi-step tasks – is reshaping

enterprise computing. According to Gartner and industry analyses, agentic AI means software agents can

collaborate or work independently on complex workflows. For example, entities like AWS are heavily investing in

agentic platforms (e.g. Amazon Bedrock AgentCore) to enable enterprise-scale AI agents ([1]

www.techradar.com). The enterprise AI market is projected to grow from roughly USD 97.2 billion in 2025 to

over USD 229.3 billion by 2030 (CAGR ~18.9%) ([2] www.mordorintelligence.com). Crucially, this growth is fueled

by multi-step, generative and agentic systems that orchestrate tasks in real time.

However, industry research also points to a stark reality: over 40% of agentic AI projects will be aborted by 2027

due to high costs, unclear value, and complexity ([3] www.reuters.com). Historically, software projects that

depend on ad-hoc or primitive orchestration often face failure and reliability issues. To avoid becoming a

statistic of these failed initiatives, enterprises must adopt rigorous distributed-systems practices. In particular,

enterprise-grade workflow orchestration engines are essential to reliably coordinate AI agents and tasks.

Temporal.io (henceforth Temporal) is one such solution – an open-source, cloud-native stateful workflow and

orchestration engine. Originally spun out of Uber’s Cadence project, Temporal transparently handles retries,

state persistence, and timeouts, providing “durable execution” across failures ([4] thenewstack.io). In a world of

agentic workflows, Temporal’s features become especially crucial. By centralizing workflow logic, preserving

state across process boundaries, and offering built-in reliability (fault tolerance, logging, observability, etc.),

Temporal allows AI-driven workflows to be scalable, debuggable, and resilient in production. For example, one

major enterprise using Temporal reported improving its mission-critical workflows to five-nines (99.999%)

uptime with zero lost data ([5] www.xgrid.co) ([6] www.xgrid.co).

This report deeply examines why solutions like Temporal are essential in the agentic AI era. We survey the

background of agentic systems, outline key challenges in multi-agent workflows, review alternative approaches

and orchestration frameworks, and analyze Temporal’s architecture and benefits. Case studies from companies

like Snap, Coinbase, and others illustrate the outcomes of adopting Temporal. We also discuss implications for

future development of agentic AI, risk mitigation, and the strategic role of workflow orchestration in realizing

practical, large-scale AI agents. All findings are supported by data, expert commentary, and peer analyses to

ensure an unbiased, thorough perspective.

Introduction and Background

The Emergence of Agentic AI

Agentic AI refers to a new paradigm of artificial intelligence in which software agents act autonomously to

achieve goals. Unlike traditional AI or generative chatbots that only respond to prompts, agentic systems can

plan, reason, and execute sequences of steps on behalf of users. According to TechRadar, “Agentic AI… moves

beyond simple automation or augmentation toward autonomous execution” by understanding goals,

orchestrating tools, and adapting strategies in real time ([7] www.techradar.com). This shift enables AI to

anticipate needs and perform complex tasks with little or no human intervention. As one analyst describes it,

agentic AI “is an emerging paradigm in enterprise intelligence that moves beyond automation and generative

output” ([7] www.techradar.com).
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The concept is not entirely new – intelligent agents have long been a research topic – but recent advances make

large-scale agent deployment feasible. Innovations such as large language models (LLMs) and frameworks for

chaining LLMs with external tools (e.g. LangChain, Microsoft AutoGen) have accelerated agentic prototypes.

Gartner reports that by 2025, only a high-level minority of AI adopters have deployed fully autonomous agents,

but by 2028 one-third of enterprise applications will incorporate agentic AI ([8] www.reuters.com). In line with

this, AWS now offers dedicated agentic AI services, signifying the importance for business users to prepare for

“the agentic era” ([1] www.techradar.com).

However, hype has outpaced reality. A Gartner survey (2025) found that 40% of agentic AI projects will be

canceled by end-of-2027 due to escalating costs and misaligned value ([9] www.gartner.com). Reuters likewise

notes that many projects are still early experiments and warns of “agent washing” by vendors overstating

capabilities ([10] www.reuters.com). In other words, as enterprises rush to leverage AI agents, they risk failure

unless technological foundations are solid.

Why Traditional Automation Falls Short

Before agentic AI, businesses deployed automation (e.g. RPA bots, orchestration scripts, click-based workflows)

for repetitive processes. These typically handled fixed schedules or simple triggers. In contrast, agentic

workflows involve uncertain, dynamic tasks requiring reasoning. Consider an AI agent that autonomously

manages sales leads, or one that processes complex compliance reports. These involve multiple data sources,

decision branches, and error handling across potentially long time scales. Traditional automation tools and point

solutions often lack the flexibility, state management, and monitoring needed for such workflows.

For example, current LLM-driven pipelines usually run in-memory or with short-lived execution chains. They

struggle with durability: if an agent needs to pause, wait for external input, or recover from a failure, most

toolchains have no safe built-in checkpoint mechanism. Errors cascade easily. As one industry analyst observes,

“existing multi-agent frameworks often rely on static… workflows, which either over-process simple queries or

underperform on complex ones” ([11] arxiv.org). This static approach cannot adapt to query difficulty or workflow

length. Indeed, research on multi-agent systems warns that while autonomous agents can dramatically boost

performance (Anthropic reported ~90% gains on some workloads ([12] www.getmaxim.ai)), they also introduce

hard new reliability challenges – issues not present in single-agent development. Conventional architectures

simply were not designed to address these at scale.

In short, the world moving to agentic AI demands enterprise-grade workflow management. Without robust

orchestration, systems will be fragile: minor outages or inconsistency can cause agentic pipelines to fail silently

or produce incoherent results. What’s needed is analogous to the move from ad hoc scripts to robust

distributed-systems engineering as cloud architectures matured: a dependable infrastructure layer that can

coordinate, track, and recover multi-step AI tasks.Solutions like Temporal fill this need by combining distributed

systems discipline with developer-friendly workflow programming.

Agentic Workflows: Concepts and Requirements

Defining Agentic Workflows

An agentic workflow is a sequence of steps in which one or more AI agents autonomously carry out tasks

toward a goal. Unlike simple API chains, these workflows can adapt dynamically. Agentic frameworks (e.g.

LangChain, LlamaIndex, Microsoft AutoGen, or Akka’s new agentic SDK ([13] akka.io) ([14] akka.io)) typically
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provide components for agents to use memory, tools, and APIs. They focus on making LLMs and models multi-

turn, goal-driven, and collaborative across subtasks.

A key attribute is autonomy: agentic workflows allow agents to make decisions within defined boundaries rather

than following a fixed script. For instance, an AI customer support agent might decide which databases to query,

then execute updates, then email customers, all without step-by-step human instructions. This autonomy makes

workflows more efficient but also riskier: if an agent misinterprets a step or a tool fails, there must be controls in

place.

Architecturally, agentic workflows are often multi-agent systems (MAS). They can be single-agent if one LLM

orchestrates a flow, or multi-agent if several specialized agents (e.g. analytics agent, transaction agent, report

agent) collaborate or divide-and-conquer tasks ([15] www.atscale.com). In MAS, coordination is vital – agents

exchange information, pass intermediate results, and sometimes delegate subtasks to each other.

Figure (Tab. 1) outlines typical characteristics and requirements of agentic workflows:

Characteristic Description

Autonomy
Agents act without constant human prompts, choosing tools or actions as needed (ReAct architectures,

chain-of-thought reasoning) ([15] www.atscale.com).

Statefulness
Workflows maintain state across long durations (minutes to hours) of interactions. Agents may pause for

external events or user input yet must resume coherently.

Hybrid Human-

AI

Many workflows include human-in-the-loop steps (e.g. approvals or feedback) requiring robust

checkpointing.

Tool Integration
Agents often call external APIs, databases, or services. Workflows must manage these integrations (with

possible retries, rate limits, etc.).

Parallelism
Multiple agents might run in parallel on independent subtasks. The system should coordinate shared

context and avoid conflicts.

Observability
For confidence and compliance, each step’s inputs/outputs should be logged. Workflows require

monitoring, debugging tools and audit trails.

In sum, agentic workflows demand a level of orchestration and reliability akin to complex business processes.

As one engineering commentary notes: “the agents are able to reach into both short and long-term memory. But

what enables agents to collaborate, delegate, and achieve end-to-end task completion… lies in orchestration

and workflow control” ([16] akka.io). The absence of such orchestration can leave agents flailing – either

endlessly looping or silently failing.

Examples and Use Cases

Industries are already envisioning agentic workflows for a range of applications. Techradar outlines examples in

finance (real-time transaction reconciliation), marketing (personalized campaign generation), HR (resume

screening with follow-up), and manufacturing (predictive maintenance) ([17] www.techradar.com). Specific cases

include:

Sales & Marketing: Automating lead qualification and pipeline updates across CRM, email, and analytics

systems. Agentic workflows can autonomously gather data, draft proposals, and schedule demos.

Customer Support: Chaining natural language understanding with knowledge base searches and ticketing

system updates to handle service tickets end-to-end.

Finance & Trading: Coordinating real-time data ingestion, compliance checks, and trade execution. For

example, building an AI-driven crypto trading agent requires reliably sequencing market analysis, order
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placement, and risk logging ([1] www.techradar.com).

Operations & IT: Automated incident response where AI agents diagnose alerts, provision compute

resources, and communicate status.

These scenarios underscore complexity: they involve multi-step tasks across distributed systems. Traditional

RPA or serverless functions alone struggle to express this complexity naturally.

Given this landscape, the big question becomes: How do we reliably implement and manage these agentic

workflows in production? As systems scale, handcrafted code and ad-hoc connectors quickly falter. The

industry consensus is that durable, scalable orchestration is essential. In the next sections, we analyze the

challenges of agentic workflows and explain why platforms like Temporal are uniquely suited to meet them.

Challenges and Critical Requirements in Agentic

Multi-Agent Systems
While agentic AI promises efficiency gains, it also introduces new failure modes and operational challenges.

Several research analyses and industry reports document the pitfalls of deploying multi-agent systems:

State Synchronization Failures: When multiple agents share or act on a common system state, race conditions can occur.

For instance, stale state propagation is a common issue: one agent updates a status, but another agent acts on the old

status before the update is seen, leading to conflicting behavior ([18] www.getmaxim.ai). In a described e-commerce

example, one agent processes payment (marking an order “paid”) while another (inventory agent) may read the outdated

“unpaid” status, causing allocation to fail despite the payment succeeding ([18] www.getmaxim.ai). These
desynchronization issues can create duplicate work or deadlocks.

Conflicting Updates: If agents independently write to shared data without coordination, race conditions ensue. Multi-

Agent System Reliability research highlights scenarios where “multiple agents concurrently modify shared state without

coordination, creating race conditions” ([19] www.getmaxim.ai). For example, Agent A might write value X to a record at the

same time Agent B writes Y to the same record; the final outcome then depends purely on timing, not on logical intent.

Without a central coordination or locking mechanism, such conflicts corrupt system state.

Error Propagation: In chained workflows, a single failure can cascade. The COCO research on agentic workflows notes that

“downstream agents compound upstream failures without corrective mechanisms” ([20] arxiv.org). If one agent errs and
there is no rollback or mediation, subsequent agents might carry forward incorrect inputs, leading to avalanche effects.

These complex dependencies mean simple retries or human intervention at the tail end are inadequate.

Lack of Observability: Traditional AI pipelines often lack fine-grained monitoring of intermediate steps. In production

agentic systems, this translates to “microservice failures” or silent logic bugs. The Akka agentic framework analysis

emphasizes that a centralized orchestration tool “can monitor and log each step of every task execution, leading to better

logging, easier debugging, and state management” ([21] akka.io). Without such logging, teams struggle to diagnose why an

agentic flow failed mid-course.

Heterogeneous Components: Agentic workflows typically integrate many services (internal APIs, databases, third-party

tools). Variation in latency, availability, and semantics among these components can break simplistic designs. For example,

one service might timeout or reject requests, requiring retries or fallback strategies.

These challenges demand robust architectural solutions. In traditional microservices deployments, engineers

might cobble together message queues and retry circuits (e.g. “homegrown SAGA” patterns) in code. But in an

AI-driven context, writing bespoke control flows for every potential failure quickly becomes unmanageable.

Gartner warns explicitly: most current agentic AI projects lack mature design for scale, often being treated as

experiments rather than full production workflows ([22] www.gartner.com) ([10] www.reuters.com). If a system can’t

recover gracefully from faults, even a powerful AI agent can become brittle in the real world.
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Table 1 below summarizes common multi-agent failure patterns and mitigation strategies:

Failure Pattern Description & Example Mitigation / Solution

State

Synchronization

Issues

Agents draw on inconsistent data. e.g.,

OrderAgent posts “paid”, InventoryAgent

reads “unpaid” before seeing update ([18]

www.getmaxim.ai), causing contradiction.

Use centralized workflow orchestration with a single

source of truth (avoids stale reads). It can serialize

steps to ensure consistency. Temporal’s event-history

ensures updates propagate in order.

Concurrent Data

Conflicts

Agents write same data concurrently. Race

conditions corrupt state (one write overwrites

another) ([19] www.getmaxim.ai).

Employ transactional workflows or consensus.

Orchestrator (like Temporal) sequences activities

deterministically. Versioning and idempotent

operations prevent overwrites.

Error Propagation

Failures cascade through agents. Without

checkpoints, an upstream error corrupts

downstream logic. COCO notes lack of

correction leads to compounding failures

([20] arxiv.org).

Implement monitoring and retries outside main path.

Use stateful rollback: Temporal’s event-sourcing

allows replays and compensations rather than naive

restarts. Patterns like the Saga (with durable state)

can safely compensate partial failures.

Long-Running

Workflow

Disruption

Agent pauses or system restart mid-flow.

E.g., an agent waits days for human approval,

but intermediate state is lost on crash.

Utilize durable state persistence. Workflow engines

snapshot context; after downtime, the agent resumes

automatically at last known point. (Temporal’s durable

virtual memory survives process restarts ([4]

thenewstack.io).)

Lack of

Observability

Opaque agent interactions. Without detailed

logs, root causes of AI decisions are opaque.

Use orchestrators that log every step. Tools like

Temporal record history of activities and signals,

enabling replaying and inspecting of entire execution

paths.

These patterns emphasize why a distributed-systems engineering discipline is needed for agentic AI. They

also highlight the key requirements: strong state management, fault tolerance, monitoring, and retry semantics.

Any orchestration solution for agentic workflows must address these directly.

Workflow Orchestration in Distributed Systems
Before analyzing Temporal specifically, it is useful to understand the general space of orchestration

technologies.

What Is Workflow Orchestration?

Workflow orchestration refers to the systematic coordination of multiple tasks or services to execute a

business process. It defines the control flow, sequencing, and error handling logic that ensure tasks occur in the

correct order and respond to failures. In distributed systems, orchestration typically involves a dedicated engine

that tracks workflow state, schedules tasks (or “activities”), and persists results.

Compared to rudimentary approaches (e.g. managing tasks with raw message queues or ad-hoc scripts), a true

workflow engine encapsulates two major functions:

Control Flow Logic: The workflow code specifying tasks and their sequencing (conditional branches,

parallel branches, loops).

State Management: Persistent tracking of which tasks have completed, task results, intermediate

variables, etc., across crashes or restarts.
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Figure 1 (below) conceptually shows a workflow engine architecture: an Orchestrator (the core), which uses a

Planner, Scheduler, and Workers. The orchestrator maintains a state machine of the workflow; the scheduler

assigns work to workers; completed tasks update the orchestrator’s state, and the loop continues. This

architecture can ensure that even if individual workers fail or machines restart, the orchestrator knows exactly

what tasks to execute or retry next ([23] mstn.github.io).

Workflow engines differ from simple task queues by being stateful and resilient. A 2025 analysis emphasizes

that modern workflow platforms (like Temporal or Azure Durable Functions) “have emerged… to simplify the

complexity of building robust, long-running, and stateful applications in distributed environments” ([24]

mstn.github.io). Such engines are explicitly designed to handle “scalability, reliability, and maintainability” –

criteria notoriously hard to implement by hand in microservices architectures ([24] mstn.github.io).

Centralized vs. Decentralized Orchestration

There are fundamentally two approaches to orchestrating multi-step processes:

Centralized Orchestration: A single central engine dictates each step. Example tools: Temporal, Apache Airflow, AWS Step

Functions. The control flow is entirely defined upfront or in an orchestration script. All agents or tasks register with the

central engine, which tracks the global workflow state. This makes debugging easier because there is one point of visibility.

The Akka agentic frameworks guide notes that “a centralized orchestration tool is likely to be similar to [Temporal] or

Airflow, where each step is deterministic and defined in the workflow. The orchestration tool can monitor and log each step

of every task execution, leading to better logging, easier debugging, and state management” ([21] akka.io). The trade-off is

a potential single point of failure (though well-architected systems mitigate this with clustering).

Decentralized Orchestration: No one engine controls the flow. Agents coordinate by messaging or emergent behavior.

Examples: peer-to-peer agent systems, some blockchain-based protocols, or strict multi-agent architectures. This can

remove the risk of one orchestration node failing, but it typically makes global consistency and observability very hard. It

also often requires complex consensus logic and is beyond most enterprise requirements.

For most enterprise scenarios, centralized orchestration (stateful workflow engines) strikes a pragmatic

balance. It guarantees consistency and observability at the cost of some complexity. The workflow engine can

reliably restart workflows after failures because state is persisted outside individual processes. In contrast,

stateless orchestrations re-run each invocation separately and rely on external context injection, which is error-

prone for multi-step tasks ([25] akka.io) ([26] akka.io).

Table 1 contrasts key aspects of centralized workflow engines versus other common approaches in AI and

automation:

Approach
Key

Tools/Examples
State Handling Pros Cons

Stateful

Workflow Engine

Temporal, Airflow,

Azure Durable,

Netflix Conductor

Persistent, fault-tolerant.

Workflow engine maintains all

state. Example: Temporal stores

workflow state in database and

hides it from developer ([4]

thenewstack.io).

Deterministic

execution, built-in

retries, full

observability, easy

debugging ([21]

akka.io).

Requires learning

engine’s model; central

component to manage

(though clustering

mitigates SPOF).

Stateless

Microservices

REST endpoints,

pub/sub events

Transient. State loss on failures.

Must use external data stores or

token passing.

Simplicity on the

surface; loosely

coupled.

Hard to recover; must

manually implement

retries, idempotency,

and state tracking.

Choreography

(Decentralized)

Event-driven

systems, peer

agents

No single state store; each

agent maintains partial view.

No central

bottleneck; agents

Complex global

consistency; monitoring

distributed state is
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Approach
Key

Tools/Examples
State Handling Pros Cons

design their

interactions flexibly.

difficult. High risk of

missed synchronization.

Batch Tools

(Airflow)
Airflow, Luigi

Persistent DAG definitions with

DB. But often used for

scheduled data pipelines (daily

jobs) ([24] mstn.github.io).

Integrates with many

data systems; good

for ETL workflows on

schedule.

Not designed for real-

time/interactive AI flows;

programming in Python

with no built-in LLM

integration.

Table 1: Comparison of orchestration approaches for AI/microservices workflows.

Crucially, the emerging consensus (cf. Akka and industry blogs) is that an orchestrator at the center is

needed for robust agentic systems. Centralized engines can enforce “distributed-systems discipline” for

agentic flows ([21] akka.io), introducing reliability guarantees absent in pure LLM frameworks. The following

sections will demonstrate how Temporal exemplifies these advantages.

Temporal: An Overview of the Platform
Temporal.io provides an open-source workflow orchestration engine designed for complex, high-scale

distributed systems. It was created by former Uber engineers who released “Cadence” (2002) internally at Uber,

and later open-sourced and forked into Temporal Server (2020). Temporal then became the basis of a company

offering commercial support and a cloud service.

Architectural Fundamentals

At its core, Temporal introduces two key abstractions: Workflows and Activities.

A Workflow is user-defined code (in Go, Java, or other supported languages) that describes the sequence of steps (called

activities) to execute for a process. The Temporal runtime automatically records the workflow’s progress in an event history.

Notably, the workflow code does not run on a fixed server. Instead, the Temporal service persists the workflow’s state. If the

process stops, the workflow code can resume later from the recorded state.

An Activity is a task that actually does work – e.g. querying a database, calling an external API, or computing something.

Activities are executed by worker processes. A key design feature is that Activity invocations are retried until success

(according to the defined policy), and their results are returned to the workflow.

A hallmark of Temporal is that workflows are essentially state machines with durable state, but written as

ordinary application code. As The New Stack describes, “The core abstraction in Temporal is a fault-oblivious

stateful Workflow with business logic expressed as code. The state of the Workflow code, including local

variables and threads it creates, is immune to process and Temporal service failures” ([4] thenewstack.io). In

other words, developers write workflows in a normal procedural style (loops, function calls, etc.), but Temporal

records every state change so that it can reconstitute the workflow if a crash occurs.

Temporal stores runtime state (the entire “virtual memory” of the workflow) in a backend persistence layer (e.g.

Cassandra or SQL). This means no workflow execution is ever lost, even if servers go down or tasks crash.

Xgrid’s case study confirms this: after moving to Temporal, the client achieved “Zero Data Loss – Temporal’s

durable execution guarantees ensure no workflow executions are lost, even during system failures” ([6]

www.xgrid.co).

Temporal also natively supports advanced features fundamental to long-running workflows:
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Timers and delays (scheduling future actions without relying on external cron),

Signals and queries (external events or inspections that can be sent to a running workflow),

Async execution and parallelism (yielding control within a workflow to schedule concurrent activities), and

Composition (one workflow can start or wait for another).

It provides automatic retry policies and error handling – for example, an activity failure can trigger a

defined compensation or retry strategy without crashing the entire workflow.

Collectively, these features make Temporal function as a highly reliable control plane for application logic. It

abstracts away many common distributed-systems issues: you don’t need to manually use distributed locks, or

stitch together pub/sub with idempotency; the engine “hides the complexity of building with microservices” ([27]

thenewstack.io).

Benefits Aligned with Agentic Needs

Several aspects of Temporal’s architecture map directly to the earlier-identified challenges of agentic

workflows:

Durability: All workflow state is persisted (“durable virtual memory” ([27] thenewstack.io)). Agents can wait hours or days

(e.g. for user input) without losing context. This addresses the long-running workflow disruption problem.

Fault Tolerance: Temporal’s workflows are fault-oblivious ([4] thenewstack.io). If any part of the system crashes, on

recover the workflow “picks up right back where [it] started or left off” ([28] temporal.io). This property is often impossible
with stateless orchestration – it means developers can rely on the system to restore agent context after outages.

Consistent Execution Logging: Since every step in a workflow is logged as an event, full observability is provided.

Engineers can replay executions to debug or audit past agent behavior. The Akka analysis points out that using a stateful

orchestrator like Temporal yields “better logging, easier debugging, and state management” ([21] akka.io)—exactly what is
needed for multi-turn agentic tasks.

Scalability: Being cloud-native, Temporal can scale horizontally. It is used in production for systems with millions of

workflows per month. Snap’s engineering team, for example, uses Temporal across tens of microservices on multiple clouds

to run asynchronous ads-reporting tasks ([29] eng.snap.com), a scenario requiring high throughput orchestration.

Language Flexibility: Developers can code workflows in familiar languages (Java, Go, Python, etc.). This contrasts with

some orchestrators that use proprietary DSLs. The flexibility allows AI teams to integrate LLM calls or other AI logic directly

into workflow code.

Reliability Guarantees: Crucially, Temporal provides strong guarantees about exactly-once behavior and event ordering.

Combined with retries, it prevents duplicate work or missed tasks (the “zero tolerance” approach). The Xgrid case study

notes the impact: after adoption, the proof-of-concept pilot achieved 99.999% uptime ([6] www.xgrid.co) – implying just

minutes of downtime per year. This level of reliability (often called “five nines”) is exceedingly difficult to achieve with hand-

rolled systems.

In short, Temporal is designed to solve the types of coordination problems that plague agentic AI at scale. Its

distributed-systems discipline exposes an intuitive programming model while taking care of failure and state

management under the hood. As one Temporal blog opines, “Is Temporal an AI product?… [Yes] we built is

perfectly suited for AI applications, even if it was originally built for other use cases” ([30] temporal.io). The

technology is language-agnostic and framework-agnostic: you can embed Temporal flows into an LLM-driven

system, a microservices mesh, or anything requiring durable workflows.
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Comparison with Alternative Orchestration

Solutions
While Temporal is one prominent solution, organizations have other options for workflow orchestration. It’s

instructive to compare these to understand Temporal’s importance.

Major Orchestration Platforms

AWS Step Functions: A serverless service that lets developers define state machines (JSON/YAML) triggering AWS

services (Lambda, ECS, etc.). Step Functions provides state persistence and retries, but is tightly coupled to AWS and has

limits (e.g. maximum workflow duration, payload size). It is easier to start with, but less flexible for arbitrary languages or

on-prem deployments. In a Medium article, an engineer migrating from Step Functions to Temporal on EKS noted that

Temporal offered “durable workflows at scale without breaking the bank”, implying cost and flexibility advantages,

especially outside pure AWS contexts ([31] medium.com).

Apache Airflow: A popular open-source workflow scheduler for defining Directed Acyclic Graphs (DAGs) of tasks (written in

Python). It is widely used in data engineering for batch jobs (ETL). Airflow persistently tracks status, but it’s less suited to

real-time agentic workflows. It lacks built-in long-duration timers or fault-tolerant actors; workflows are typically run on

schedule, not continuously awaiting events. Airflow is tremendous for periodic data pipelines, but not specifically designed

for LLM tick-driven tasks or low-latency agent interactions.

Azure Durable Functions / GCP Workflows: These serverless options (on Azure and Google Cloud) allow function-based

workflows. They manage state behind the scenes. They have broader ecosystem integration, but similarly tie you to one

cloud. Their focus tends to be on function orchestration, not on open-source or multi-platform support.

Open-Source Engines (e.g. Netflix Conductor, Cadence): Netflix Conductor is another orchestration engine (originally by

Netflix) that supports JSON-defined workflows. Uber’s Cadence was the precursor to Temporal; it remains a viable open-

source project. These share the idea of persistent workflows, but Temporal’s further development has added polish and

community. In fact, Cadence vs. Temporal comparisons frequently highlight that Temporal builds upon Cadence – adding

enhanced scalability, better performance, more built-in features and improved tooling ([32] rosettadigital.com). For
example, one source notes “Temporal features enhanced scalability over Cadence… making it suitable for more extensive

deployments” with optimizations for faster processing ([33] rosettadigital.com). In practice, most new adopters choose

Temporal for its active community and support.

Homegrown or Messaging-Based Orchestration: Some teams forgo engines entirely, using brokers (Kafka, RabbitMQ) and

ad-hoc code to connect services. This is error-prone. It was the approach Snap initially faced: “Engineers end up spending

lots of time implementing state tracking functionality and writing error handling code to keep their system intact” ([29]

eng.snap.com). Without a workflow engine, they had to invent what Temporal provides out-of-the-box.

The key distinctions center on state management and developer experience. Table 2 contrasts Temporal with

a few alternatives in terms of bordering features (note that specific capability overlaps and limitations exist

beyond what can fit in one table).

Feature Temporal AWS Step Functions Airflow
Azure Durable

Functions

Invocation

Model

Code-first workflows (Java,

Go, etc.)

JSON/YAML state

machines (AWS

services)

Python DAG scripts
Orchestrator functions

(C#, JS, etc.)

State

Persistence

Stateful: events recorded &

replayed ([4] thenewstack.io)

Persistent (State

Machine stored in

AWS)

DB via scheduling

backend

Persistent state in Azure

storage
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Feature Temporal AWS Step Functions Airflow
Azure Durable

Functions

Execution

Duration

Unlimited (long-running

workflows)

~1 year max; also

short tasks

Workflow depends on

schedule (batch)

Limited by function

lifetime (extended)

Failure

Handling

Automatic retries,

compensations; no lost tasks

([4] thenewstack.io)

Retry policies, but no

built-in compensations

Basic retries, often

manual

implementation

Built-in retries, but

developer must manage

statefulness

Scalability
High: distributed clusters;

enterprise-scale

High within AWS

service limits

Scale by adding

executors

Auto-scalable (cloud-

limited)

Observability
Full workflow history,

queryable by workflow ID

CloudWatch logs, X-

Ray integration

UI and logs for

scheduled jobs

Azure Monitor logs,

limited workflow view

Multi-

Cloud/On-Prem

Available self-hosted or

Temporal Cloud
AWS-only

Open-source (self-

hostable)

Azure-only / Self-

hostable in some cases

Latency
Low (workflows are event-

driven)

Low (Lambda cold-

starts possible)

High-latency (batch

focus)

Low-medium (function

startup times)

Use Cases
Complex microservices,

transactions, AI agents

Integrating AWS

ecosystem tasks
ETL, data pipelines

Microservice

orchestration within

Azure

Table 2: Feature comparison of Temporal and alternative workflow engines. (Sources: Architecture docs and

industry comparisons ([4] thenewstack.io) ([33] rosettadigital.com))

This comparison suggests that while many tools offer some orchestration, Temporal uniquely combines: truly

indefinite workflows, stateless failure recovery, and a code-centric developer model. In particular, its “durable

execution” approach was designed for applications requiring exactly this level of reliability ([30] temporal.io). As

one engineering reviewer states, workflow engines like Temporal “offer an effective and relatively simple

solution to scalability, reliability, and maintainability,” qualities critical for distributed AI systems ([24]

mstn.github.io).

Temporal in Practice: Case Studies and Evidence
The theoretical benefits of Temporal are compelling, but how do they translate in real deployments? Several

companies and analyses provide evidence:

Snap Inc. (Social Media/Ads): Snap’s engineering team faced the need to orchestrate a complex ads-reporting pipeline

across multiple microservices and clouds. In their technical blog, Snap engineers wrote: “with microservices… building a

reliable and efficient system… to maintain application states and gracefully deal with outages has become a hard problem”

([29] eng.snap.com). They adopted Temporal’s open-source project to “solve microservice orchestration” with its workflow

engine ([29] eng.snap.com). The result was a streamlined architecture: Snap no longer had to write custom state tracking

for every service, because Temporal handled the state and error logic. By treating the ads-reporting tasks as workflows,

Snap achieved reliable execution even as underlying services changed or failed. (While Snap’s blog highlights the decision,

similar stories are confirmed by Temporal engineers: e.g., “Why Netflix and Snap trust Temporal for scalable, reliable

systems” ([34] temporal.io).)
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Coinbase (Cryptocurrency Transactions): Coinbase needed to manage millions of crypto transactions daily. Each high-

level transaction involved many steps (wallet checks, ledger writes, notifications). Initially, they used an internal SAGA

solution for compensating actions. A Temporal case study notes: “Coinbase handles millions of cryptocurrency

transactions… each transaction comprises a sequence of steps.” They evaluated Temporal (Cadence) for its capability to

handle failures programmatically without rigid DAG definitions. Coinbase migrated each component into a Temporal/Cadence

workflow ([35] temporal.io). The outcome: developers report “Development velocity has increased as developers can focus

exclusively on writing code instead of maintaining a homegrown SAGA solution” ([36] temporal.io). They also note Temporal

“opened up use cases which weren’t even imaginable with the homegrown system” ([36] temporal.io). In effect, Temporal’s
reliability guarantees ensured that crypto transfers either fully complete or safely rollback, crucial for financial integrity.

Global Enterprise (Legacy Infrastructure): A case study by Xgrid Technologies describes a large enterprise with

thousands of daily users. Its legacy on-premise workflows were intermittent, lacked observability, and required constant

manual intervention. After implementing a hybrid cloud solution based around Temporal, they saw dramatic improvements.

The executive summary of the case says: “Through a strategic implementation of Temporal’s workflow orchestration

platform… we engineered a robust, enterprise-grade hybrid solution. This transformation resolved their core reliability

issues, achieving 99.999% uptime for mission-critical operations…” ([5] www.xgrid.co). The firm explicitly attributes

“99.999% SLA Achievement: … less than 5 minutes of downtime per year” to adopting Temporal ([6] www.xgrid.co), and
notes “Zero Data Loss: Temporal’s​ durable execution guarantees ensure no workflow executions are lost, even during

system failures” ([6] www.xgrid.co). These are among the highest reliability metrics seen in enterprise computing,

essentially unlocking five-nines uptime.

Netflix (Media Streaming): Netflix formerly used Cadence and subsequently migrated to Temporal for some use cases.

According to a developer at Netflix, Temporal workflows are “productive for both the users and… me as a platform provider. I

don’t really need to manage it. It’s a system that just works. Even when it fails, things will just pick up right back where they

started or left off” ([28] temporal.io). While specific metrics aren’t public, Netflix’s usage underscores Temporal’s value in
high-scale real-time applications.

These examples consistently highlight common outcomes of using Temporal:

Developer Productivity: Teams move from plumbing (writing error handling, retries, state machines) to focusing on

business logic. Coinbase and Snap both observed that engineers could “focus exclusively on writing code instead of

maintaining [themselves] a homegrown solution” ([36] temporal.io).

Reliability & Uptime: Enterprises achieve high availability. The Xgrid case’s “five nines” is roughly an order of magnitude

improvement over typical enterprise-grade systems (3–4 nines). Crucially, no workflows were ever lost or left in limbo.

Scalability: Systems can grow. For example, Coinbase scaled up to thousands of transactions without rewriting glue code.

Temporal’s architecture allows adding worker nodes to execute more workflows in parallel.

Ease of Debug & Audit: With the persistent history, problems can be traced. While case studies do not always quantify this,

engineering blogs (e.g. Snap) emphasize the facilitated debugging due to clear orchestration logs.

These real-world results back the claim that Temporal provides unmatched value for orchestrating complex,

stateful workflows. The improvements in quality of service and developer velocity are precisely what Gartner

and others have identified as critical needs: cutting through AI hype requires solving “the real cost and

complexity of deploying AI agents at scale ([9] www.gartner.com)”, which Temporal directly addresses.

Data-Driven Analysis
Beyond anecdotes, we can look at metrics and research to quantify the importance of durability in agentic

systems:

Market Trends: The Mordor Intelligence report projects the enterprise AI market will balloon to nearly $230B by 2030 ([2]

www.mordorintelligence.com). This underscores that businesses are investing heavily. Critically, Mordor highlights that
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growth is driven by “agentic systems that automate multi-step tasks” ([2] www.mordorintelligence.com) – in other words,

the precise workflows we’re discussing.

Adoption Statistics: Gartner’s studies convey that agentic AI is seen as essential (15% of decisions, 33% of apps by 2028

([8] www.reuters.com)), but executing agentic requires discipline. Teams that skip robust patterns risk joining the projected

40% failures ([3] www.reuters.com).

Reliability Metrics: Xgrid’s reported 99.999% uptime ([6] www.xgrid.co) translates to under 5.3 minutes downtime/year,

vastly exceeding the 99.9% (8.76h/year) or 99.99% (52.6m/year) expectations of typical services. This kind of reliability is

often required in domains like finance or healthcare where agent-driven decisions cannot fail. That they achieve it on a

modern stack (with Temporal at its core) is a data point on temporal’s impact.

Performance Impact of MAS: The getmaxim.ai analysis notes that raw multi-agent execution can boost performance by

~90% for certain tasks ([12] www.getmaxim.ai). But it simultaneously warns of “fundamental reliability challenges”

undetected at design time ([12] www.getmaxim.ai). In effect, the upside is compelling (nearly-halving compute time in some

cases), but only if the architecture handles failure modes properly. Temporal mitigates these reliability challenges, enabling

teams to realize the performance gains without catastrophic production incidents.

Platform Comparisons: While direct benchmarks of orchestrators are scarce, developer experience surveys plague

contrast. Informal developer polls suggest that when comparing Step Functions to Temporal, many highlight Temporal’s local

debugging and polyglot support as key differentiators. Contrast this with AWS Step Functions: although AWS touts its

integration, some developers report hitting limitations because workflows must be defined upfront in a specific DSL, and

scaling to very large or varied tasks can become expensive.

Although each project has unique metrics, the consistent theme in data and analysis is that reliability

correlates strongly with durability. Workflows that can survive failures automatically will see less downtime,

less manual recovery, and less “stalled projects” — aligning directly with the concerns Gartner identified.

Implications and Future Directions

Ensuring Trust and Usability

As agentic AI matures, certain non-technical factors become as crucial as architecture:

Explainability: For regulated industries, it isn’t enough that an AI task completed; organizations need to know why.

Temporal’s persistent logs can serve as an audit trail: every agent decision step is recorded and can be reviewed or given to

regulators.

Security and Governance: Autonomous agents raising security questions is a hot topic. Workflow engines can enforce

access control and encryption centrally. For example, the Cadence vs Temporal discussion highlights Temporal’s advanced

security features (e.g. encryption, fine-grained controls) that surpass legacy options ([37] rosettadigital.com).

Cost & Vendor Lock-in: Moving to Temporal (open source or SaaS) does introduce new infrastructure. However, many have

found that it reduces total cost of ownership by consolidating disparate tools. Because Temporal can be self-hosted on any

cloud, it also avoids lock-in to a particular vendor for orchestration logic.

Evolving Agent Architectures: Cutting-edge research (e.g. the DAAO and MetaOrch frameworks ([11] arxiv.org) ([38]

arxiv.org)) is investigating even more dynamic agent routing. One can imagine that as these approaches evolve, they may

leverage underlying workflow engines like Temporal for execution. In fact, the COCO framework’s concept of stateful

rollback ([39] arxiv.org) directly parallels Temporal’s model of preserving execution history.

Enterprise Strategies
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For businesses planning agentic AI, the establishment of robust workflow platforms will likely become a

prerequisite. Based on the data and expert opinions:

Beware “Agent Washing”: As Gartner noted, some vendors overuse the term “agentic”. Enterprises should differentiate

between simple chat/Desktop automation and full-fledged agentic AI. Any truly agentic system (e.g. cross-system

autonomous software) will likely need a robust backend orchestrator for production reliability, not just front-end LLM

pipelines.

Integrating with Existing Infrastructure: Solutions like Temporal can integrate with existing CI/CD and monitoring stacks.

Many organizations will gradually migrate key pipelines to Temporal, starting with non-critical but complex tasks (proof-of-

concepts), then expanding. A hybrid approach is common: keep simpler tasks on lightweight tech, but deploy Temporal for

mission-critical flows.

Interoperability: Agentic initiatives will use various AI models and services. Orchestrators will need to handle hybrid logs

and data sources. Temporal’s language-agnostic model means it can coordinate flows involving Python-based ML models,

Java microservices, and Go tasks with equal ease.

Cloud-Native Platforms: Major tech firms are building on this trend. As AWS enters the fray with AgentCore ([40]

www.techradar.com) and Google and Microsoft also improve their agent toolkits, orchestration needs will align with cloud

ecosystems. However, quirky aspects of each cloud’s model (e.g. function limits in Lambda/Durable Functions) make

independent stacks like Temporal attractive for multi-cloud or on-premises strategies.

Future Research: Academic work (like COCO ([20] arxiv.org)) suggests multi-agent workflows need continuous oversight.

We may see emerging platforms that embed monitoring/validation logic directly (possibly even leveraging the workflow

engine). For now, Temporal’s model – logging state comprehensively – provides a foundation on which such innovations can

build.

The Role of Temporal-Like Platforms in Future AI Systems

Ultimately, as agentic AI becomes ubiquitous, we can foresee:

Standardization of Robust Orchestration: Just as now most enterprises use some form of container orchestration

(Kubernetes) for microservices, agentic systems will standardize around workflow backbones. Temporal is already gaining

traction; its community and Cloud offering are growing because it addresses a clear pain point.

Integration with Agent Frameworks: We may see deep integrations (or even merger) between agentic AI frameworks and

orchestration engines. For example, an agentic toolkit could use Temporal under the hood to launch and resume agents.

Some open-source projects (like temporal-community/temporal-ai-agent ) already demo LLM agents running inside

Temporal workflows for persistent conversations.

Metrics-Driven Reliability: Enterprises will collect performance and reliability metrics on agentic flows. With orchestration,

one can measure “workflow success rate”, “mean time to recovery after an agent failure”, etc. These metrics will inform

improvements. Temporal’s model naturally supports such measurement because it tracks executions centrally.

Human-in-the-Loop and Hybrid Workflows: Even as AI agents take on tasks, many processes will still involve humans (e.g.

approvals, oversight). Temporal supports integrating human steps via signals or manual triggers. Organizations could model

full human-AI workflows end-to-end, with the engine managing hand-offs and compliance checks.

Conclusion
Agentic AI and advanced autonomous workflows represent a profound shift in how organizations apply

computing. These intelligent systems promise to automate entire processes, deliver insights, and make

decisions at scale. However, they also demand a new level of distributed-systems maturity. Empirical evidence

and expert analysis alike make clear: robust, durable orchestration is essential to realizing agentic AI’s

potential.
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Temporal.io exemplifies the kind of solution needed. Its durable, stateful workflow engine directly addresses the

key failure modes of agentic systems (fault-tolerance, state synchronization, observability). In case studies from

Snap to enterprise finance, Temporal delivered significantly higher reliability (up to 5-nines uptime ([6]

www.xgrid.co)) and developer productivity. In the face of Gartner’s warning that most agentic projects will falter

without careful engineering ([9] www.gartner.com) ([3] www.reuters.com), adopting proven workflow platforms like

Temporal can be the difference between success and cancelation.

As enterprises venture further into the agentic era (with AWS, Microsoft, and others enabling new agent

infrastructures ([1] www.techradar.com) ([40] www.techradar.com)), the underlying complexity will only grow. The

answer must be systemic, not ad-hoc. Platforms like Temporal provide that systemic foundation: they bring the

discipline of distributed computing to cutting-edge AI, ensuring that “22×24 decision autonomy by 2028” (per

Gartner’s vision ([8] www.reuters.com)) happens on a stable, maintainable base.

In summary, Temporal (and platforms like it) is crucial in the world of agentic AI because it makes AI agents

reliable enough for real-world use. Without it or a similar solution, agentic workflows risk remaining experiments

or facing disastrous failures in production. With Temporal, organizations can build workflows that are scalable,

debuggable, and trustworthy — exactly the properties needed for AI to perform at enterprise scale. The future

of intelligent operations depends on marrying AI innovation with rock-solid infrastructure, and Temporal stands

firmly at that intersection.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US

market in custom AI software development and pharma implementations with proven results across public

biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex Holding Company

(SCLX) and leading CROs across North America.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and

ERP systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,

automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field

force applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and

automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom

data visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and

implementation guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no

representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or

availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives

be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or

damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated

content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information

before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of

their respective owners. All company, product, and service names used in this document are for identification purposes

only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and

biotech companies. As the premier US-based AI software development company for drug development and

commercialization, we deliver cutting-edge custom AI applications, private LLM infrastructure, document processing

systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI

expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San

Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,

please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.

IntuitionLabs - Custom AI Software Development
from the leading AI expert Adrien Laurent Agentic AI Workflows: Why Orchestration with Temporal is Key

© 2025 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 19 of 19

https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf
https://www.linkedin.com/in/adrienlaurent/
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf
https://intuitionlabs.ai/articles/agentic-ai-temporal-orchestration?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=agentic-ai-workflows-why-orchestration-with-temporal-is-key.pdf

