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1 Introduction 

The intended audience for this document is technical IT architects, system administrators, and managers who 

are interested in the design and deployment of the Lenovo Disaggregated Solutions for VMware using rack-

based cloud appliances comprising of Lenovo ThinkAgile VX Hyper-Converged Infrastructure (HCI) servers and 

Lenovo ThinkSystem DG/DE/DM/DS storage arrays. 

Lenovo provides scalable infrastructure and simplified deployment with ThinkAgile VX Series and ThinkSystem 

Storage systems for a Disaggregated Infrastructure Solution. This document covers different components and 

capabilities of designing and implementing a Disaggregated Solution with Lenovo ThinkAgile VX Series 

powered by VMware vSphere Foundation and Lenovo ThinkSystem Storage. The operational model describes 

the architecture for deploying the solution for customers looking to optimize their investments in VMware 

environments. 

 

This reference architecture covers the following products from Lenovo and VMware: 

• Lenovo ThinkAgile VX V4 Systems 

• Lenovo ThinkSystem DE/DM/DG/DS Series Storage Array 

• VMware Sphere Foundation 9.0 software stack 

o vSphere 9.0 which provides compute virtualization 

o vSAN 9.0, which provides software defined storage (SDS) 

o VMware Cloud Foundation Operations (formerly VMware Aria Operations) 

o vSphere Kubernetes Service (VKS) 

 

The operational model presents performance measurements, considerations and sizing guidance, and some 

example deployment models. The last section contains detailed configuration bill of materials for the Lenovo 

storage and servers used to build the ThinkAgile Disaggregated Infrastructure Solution.  

Disaggregated Infrastructure Solutions are pre-packaged bundles of systems, including servers, storage, 

virtualization and management software that are cost-optimized and simplify IT management and provide 

enterprise class performance for different workloads. It provides a platform for repeated, modular and flexible 

scaling of data center resources.  
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2 Business problem and business value 

This chapter provides a summary of the business problems that this reference architecture is intended to help 

address, and the value that this solution can provide. 

2.1 Business Problem 

The IT landscape is currently navigating significant shifts, largely driven by evolving trends in virtualization. This 

transition has been accelerated by evolving licensing models, escalating costs, and altered support structures, 

generating considerable uncertainty and the prospect of higher long-term operational expenditures, particularly 

for organizations that historically favored perpetual licensing. This situation has exacerbated existing IT 

complexities, compelling businesses to critically reassess their infrastructure strategies in pursuit of solutions 

that guarantee business continuity, optimize costs, and preserve operational agility. Having invested 

substantially in VMware environments and technologies over the years, customers recognize the potential for 

costly and time-consuming migrations, which could strain already stretched IT resources and impede critical 

business operations. 

Adding to these challenges is the increasing difficulty in consolidating and managing IT infrastructure within the 

data center to effectively address private cloud, hybrid cloud, and container workloads. 

Many organizations with a mix of generic workloads require shared compute resources to consolidate 

management software and application workloads while offloading storage to dedicated storage systems. 

Businesses today face the dual imperative of reducing costs while simultaneously providing an infrastructure 

solution capable of meeting demanding application requirements for agility, stability, performance, availability, 

and simplified management. In the past, a specific pain point was the tedious process of provisioning external 

storage for workloads, often requiring extensive interactions between IT Admins and Storage administrators. 

2.2 Business Value 

The Lenovo Disaggregated Solutions for VMware with ThinkAgile VX emerges as a timely and compelling 

answer to these multifaceted business problems. By integrating compute and storage into a single, cohesive, 

unified platform, it effectively offloads I/O processing and maximizes resource utilization, leading to enhanced 

efficiency, optimized resource allocation, and streamlined management processes. The solution brings together 

the enterprise-class features of ThinkAgile VX such as operational simplicity and lifecycle management, with 

the robust data management capabilities of the ThinkSystem DE/DG/DM/DS Series storage arrays. This 

synergy creates a unified cloud platform that is inherently flexible and adept at supporting hybrid storage 

workloads.  

Furthermore, the integration of the ThinkSystem Storage array with VMware vCenter provides organizations 

with a single, intuitive management platform, significantly reducing the complexity of system administration. By 

deploying applications on shared storage, organizations can optimize their compute capacity and manage 

applications on systems with fewer cores, leading to further cost efficiencies in software licensing requirements. 

Complementing this, VMware vSphere Foundation (VVF) integrates essential components like vSphere, 

VMware vSAN, and intelligent operations management, offering superior performance, availability, and 

efficiency with enhanced visibility.  

When combined with Lenovo ThinkAgile VX Series systems featuring the vSAN Express Storage Architecture 

(ESA) and ThinkSystem shared storage systems, this disaggregated infrastructure solution delivers a cost-
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efficient and scalable infrastructure capable of handling a wide range of generic workloads and containerized 

applications, providing a clear, predictable, and future-ready path forward. 

 

Figure 1: Architecture Diagram: Lenovo Disaggregated Solution for VMware with ThinkAgile VX and 

ThinkSystem DE/DM/DG/DS Storage 
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3 Requirements 

This chapter describes the functional and non-functional requirements for this reference architecture. 

3.1 Functional requirements 

The following section describes the functional requirements that are needed for typical on-premises 

deployments with virtual machines and containers.  

Figure 2 shows a simplified use-case model for hybrid cloud deployments.  

 

 

 

Figure 2: Use case model 

Table 1: Functional requirements 

Requirement name Description 

Virtualization Solution supports compute, storage, and network virtualization 

Containerization Mange and deploy containers on the virtualized infrastructure 
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Requirement name Description 

Monitoring, event and capacity 

management 

Monitors the health of the cloud infrastructure, collection and 

management of exception events, and capacity planning 

Cloud administration Provides capabilities to administer a cloud environment, such as 

adding storage or computational resources in the cloud pool or 

defining new segregated networks 

Image management Provides capabilities to create VMs and containers, establish version 

control, search for and compare images, and delete images from the 

virtual images templates repositories 

Virtual Machine Migration Migrate applications, virtual machine and templates between clouds 

– public or private. 

DevOps Process to simplify and automate virtual machines and container 

operations. 

3.2 Non-functional requirements 

Table 2 lists the non-functional requirements that are needed for typical cloud deployments. 

Table 2: Non-functional requirements 

Requirement name Description 

Backup/Recovery Solution support for integrated backup 

Ease of installation Reduced complexity for solution deployment 

Ease of management/operations Simple management of infrastructure and cloud software 

Supportability Available vendor support 

Scalability Solution components scale with increase in number of concurrent 

users, VMs/services provisioned per minute or per hour  

Flexibility Solution supports multiple deployment methodologies 

Security Solution provides ways to secure customer data and infrastructure 

Reliability, availability, and 

serviceability (RAS) 

High availability and resiliency of cloud management and managed 

infrastructure  
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4 Architecture Overview 

Figure 3 shows Lenovo ThinkAgile VX Disaggregated Solution architecture with ThinkAgile VX servers and 

ThinkSystem DE/DM/DG/DS series storage systems. The architecture provides a balance of compute, memory, 

storage and networking resources, and can be used for a variety of general-purpose workloads and it is a 

perfect solution for customers looking to optimize their investments in VMware-based environments. The 

workloads can leverage both vSAN ESA storage and External SAN storage with support for NFS, iSCSI and 

NVMe over TCP protocols. The compute cluster hosts both management and customer workloads and flexible 

to run virtual machines and container workloads. The solution is based on VMware vSphere Foundation (VVF) 

license and provide seamless support to scale workloads on the shared storage. 

 

 

Figure 3: Conceptual design of the ThinkAgile Disaggregated Solution for VMware 

 

A single compute cluster which runs the components required to support management of virtualization and 

container platforms, storage management, monitoring, and infrastructure services. The management workloads 

deployed on vSAN storage and user workloads leverages both shared storage and vSAN. The typical 

characteristics for the workloads are as follows: 

Native Shared Storage Datastores (NFS / iSCSI) with Lenovo ThinkSystem Storage 

• Predictable Performance & Scalability 

Traditional NFS and iSCSI datastores deliver consistent, predictable IOPS and low latency for mixed 

workloads. Lenovo DE and DM Series arrays are optimized for high-performance block and file 

workloads, scaling independently of compute ideal as clusters grow or utilization increases. 
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• Large Capacity & Flexible Growth 

Native shared storage supports higher usable capacity with flexible expansion using shelves and disk 

types. Lenovo DE/DM/DG/DS Series systems efficiently support capacity-heavy workloads without 

being constrained by hypervisor-based storage limits. 

• Mature & Widely Supported Architecture 

NFS and iSCSI are proven, VMware-native storage models with broad ecosystem support, simplified 

operations, and easier troubleshooting and fully compatible with vSphere features such as HA, DRS, 

and snapshots. 

• Enterprise Data Services via Storage Layer 

Advanced data services remain available at the array level, including snapshots, replication for DR, 

and ransomware protection. Lenovo DM and DG Series provide integrated snapshot and replication 

capabilities, and the DG Series adds AI-driven ransomware detection—fully supported with NFS or 

iSCSI volumes. 

vSAN Datastore with Internal Storage 

The free vSAN tier (enabled by the VMware vSphere Foundation – VVF license) is best suited for workloads 

with moderate performance needs, efficient use of limited capacity, and those that can tolerate the vSAN 

compute overhead. 

• Moderate Performance Requirements: Workloads that don't demand extremely high sustained 

IOPS or very low latency. The compute overhead of vSAN can slightly impact overall performance 

compared to external storage.  

• Localized Data Requirements: Workloads where data locality to the compute nodes can be 

advantageous for certain operations. 

• Scalability within the vSAN Cluster: Workloads that can scale out across the limited number of 

nodes in the free vSAN tier. 

By understanding the characteristics of your general-purpose virtualized workloads, you can make informed 

decisions about where they will run most efficiently and cost-effectively within your disaggregated 

infrastructure. Remember to continuously monitor performance and capacity utilization to optimize placement 

over time. 
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5 Component model 

                                                                                                                                                                                        

This chapter describes the component model for the Lenovo ThinkAgile Disaggragated Solution for VMware 

including the VMware vSphere Foundation software for virtualization and container deployments. 

5.1 Lenovo ThinkAgile VX  

Lenovo ThinkAgile VX Series is a fully integrated HCI system built on the most reliable and secure servers that 

are tested and validated for vSAN compliance. ThinkAgile VX Series helps you modernize your core data center, 

edge locations, and deploy a hybrid cloud environment using VMware software. With support for triple-level cell 

(TLC) NVMe flash devices with vSAN ESA, ThinkAgile VX Series scales compute or vSAN storage capacity 

easily and accelerate performance for your vital business-critical application deployments in both on-prem and 

cloud environments.  

ThinkAgile VX Series supports the latest Intel Xeon 6 and the 5th Gen Intel® Xeon® processor family CPUs or 

AMD 5th Generation EPYC™ Series Processors that boast enhancements in performance, security, and energy 

efficiency. These new generations support new DDR memory, PCIe Gen5 PCIe I/O and the Intel-based 

platforms provide Intel AMX(Advanced Matrix Extensions) accelerator for AI inference and training. All-NVMe 

SSD models support inline deduplication, compression, and encryption to give you an optimized, secure, high-

performance platform with maximum usable capacity.   

Lenovo ThinkAgile VX Series streamlines the deployment, configuration, and management of your HCI 

environments using VX Deployer tool with full integration directly into vSphere Lifecycle Manager (vLCM) for 

single pane of glass management via Lenovo XClarity Integrator for VMware (LXCi) Hardware Support Manager 

(HSM). vLCM simplifies and speeds up software and hardware firmware updating with task automation via Best 

Recipes. These are released frequently throughout the year to ensure you are compliant and secure. This 

enables you to free up valuable personnel for more productive tasks. 

Common features of the ThinkAgile VX Series systems include: 

• Careful selection of latest hardware components, BIOS settings, and network configurations to 

maximize performance. 

• Designed with alignment on specifications of VMware Cloud Foundation’s best practices for deployment 

and full lifecycle management. 

• Streamlined lifecycle management with vSphere Lifecycle Manager (vLCM) and SDDC Manager to 

update the critical components of the complete solution through integrations with Lenovo’s XClarity 

Integrator (LXCi). 

• Ensure a reliable, compliant, and consistent environment with a rigorously tested “Best Recipe” bundle 

of drivers and firmware through a coordinated update with vLCM. 

• Deployment of new or expansion of existing clusters with in-step validation and automation for repetitive 

deployments with the VX Deployer. 

• Full-stack monitoring and automation management through integrations with VMware Cloud 

Foundation Operations (formerly VMware Aria Suite) and Lenovo XClarity Integrator (LXCi) to reduce 

time wasted in repetitive operations and human error. 
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• Robust security features, including data-at-rest encryption, secure boot and firmware integrity checks 

protect against unauthorized access and ensure data integrity. 

ThinkAgile gives you a direct phone line of to a team of Premier Support experts who specialize in ThinkAgile 

solutions. The team of experts will rapidly diagnose any hardware or software issues and remain with you as 

the single-point-of-contact throughout the entire support process.  

5.2 Lenovo ThinkSystem DE/DM/DG/DS Series 

Lenovo ThinkSystem DE/DM/DG/DS series storage provides a wide range of options, supporting high-capacity, 

high performance and scale-out options as well as rich set of software capabilities such as storage 

management, block/file level support, encryption, deduplication, and so forth.  

 

The DG5200 offers a variety of host connectivity options, including NVMe/TCP, NVMe/FC, NFS, FC and iSCSI. 

Lenovo ONTAP storage management software provides enterprise-class storage management capabilities with 

features like deduplication, compression, and encryption. 

 

High Availability • Dual active/active controllers 

• Nondisruptive maintenance, upgrade, and scale-out clustering 

• Multi-site resilience for continuous data access with SnapMirror ActiveSync 

Storage Efficiency • Inline data compression, deduplication, and compaction 

• Space-efficient LUN, file, and volume cloning 

Data Management • Intuitive onboard GUI, REST APIs, and automation integration 

• Easy provisioning and data management from market-leading host operating 

systems, hypervisors, and application software 

Scalable NAS • Large-scale single namespace management with local and remote caching 

Data Protection • Application-consistent Snapshot copies and restore 

• Integrated remote backup/disaster recovery 

• Synchronous zero-data-loss replication 

• Tamper-proof Snapshot copies 

Security and 

Compliance 

• Autonomous ransomware protection 

• Multi-factor admin access 

• Secure multitenant shared storage 

• In-flight and data-at-rest encryption 

• Regulatory-compliant data retention 
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• Multi-admin verification before executing sensitive commands 

Cloud Integration • Seamlessly tier, back up, replicate, and cache data to private and public clouds 

 

5.2.1 Lenovo ThinkSystem DE Storage 

Lenovo ThinkSystem DE Series Storage Arrays are SAN storage systems that are designed to provide 

performance, simplicity, capacity, security, and high availability for medium to large businesses. ThinkSystem 

DE Series Storage Arrays deliver hybrid and all flash storage with enterprise-class storage management 

capabilities and a wide choice of host connectivity options, flexible drive configurations, and enhanced data 

management features. 

The ThinkSystem DE4200H, DE4800H, DE4800F, DE4200F, DE6400H, DE6400F, DE6600H and DE6600F are 

perfect fit for a wide range of enterprise workloads, including big data and analytics, video surveillance, technical 

computing, and other storage I/O-intensive applications. 

5.2.2 Lenovo ThinkSystem DM Storage 

The Lenovo ThinkSystem DM storage arrays provide a unified storage solution to manage all your block-and-

file workloads on one array. DM series comes in both Hybrid Flash and All Flash configurations. NVMe support 

drives to achieve superior performance for mission critical workloads. 

DM Series Hybrid Flash systems simplify the task of managing growth and complexity by delivering high 

performance, supporting a broad range of unified workloads, and seamlessly scaling of performance and 

capacity. For growing organizations that are concerned about maximizing performance and tiering capabilities 

to meet challenging IT needs, ThinkSystem DM Series Hybrid Flash systems are the perfect choice. 

The Lenovo ThinkSystem DM3200F, DM5200F and DM7200F are high-performance all-NVMe flash unified 

storage systems designed to provide performance, simplicity, capacity, security, and high availability for 

medium-sized enterprises. Powered by the ONTAP storage management software, these storage systems 

deliver enterprise-class storage management capabilities with a wide choice of host connectivity options and 

enhanced data storage solutions. The DM3010H and DM5200H are hybrid flash unified storage system support 

NAS, SAN and object workloads with a wide choice of host connectivity options for enhanced data storage 

solutions. 

 

5.2.3 Lenovo ThinkSystem DG Storage 

Lenovo ThinkSystem DG Series is a unified, all-flash storage system designed for medium-sized enterprises. It 

offers a combination of performance, simplicity, capacity, security, and high availability. Lenovo ThinkSystem 

DG system supports file, block and object storage and includes advanced features for hybrid cloud management 

and ransomware protection. DG Series delivers optimal price per performance for verity of workloads and 

seamlessly scaling of capacity without compromising performance. Lenovo ThinkSystem DG Series storage 

systems are based on quad-level cell (QLC) NVMe flash technology and provides significant performance and 

storage capacity to support variety of workloads. DG Series comes with unified data management software and 
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provides SAN, NAS and NVMe over Fabrics protocols and integrated with vCenter to provide management 

capabilities. 

Lenovo ThinkSystem DG5200 and DG7200 models are 2U rack-mount controller enclosures that include two 

controllers, 128 GB RAM and 16 GB battery-backed NVRAM (128 GB RAM and 16 GB NVMEM per 

controller), and 24 SFF hot-swap drive bays (2U24 form factor). 

5.2.4 Lenovo ThinkSystem DS Storage 

The ThinkSystem DS Series offers models tailored for intensive, high-performance workloads, as well as a 

capacity-optimized system that supports large-scale, cost sensitive deployments. This flexibility also makes the 

ThinkSystem DS Series an excellent choice for secondary use cases such as backup and disaster recovery 

environments. 

The Lenovo ThinkSystem DS3200, DS5200, DS7200, and DS5200C are all-NVMe flash SAN storage systems 

designed to provide simplicity, performance, and security for medium-sized enterprises. Powered by a SAN 

optimized version of the ONTAP storage management software, the DS Series delivers enterprise-class storage 

management capabilities with all leading SAN protocols. 

 

 

5.3 VMware vSphere Foundation 

VMware vSphere Foundation is the enterprise workload engine built to optimize the IT infrastructure for 

organizations of all sizes by boosting operational efficiency, supercharging workload performance, elevating 

security, and accelerating innovation. It delivers intelligent operations management, purpose-built to enable the 

best performance, availability and efficiency from your infrastructure, while providing comprehensive visibility 

and analytics, in one place. VMware vSphere Foundation (VVF) primary software stack and supports vSphere 

compute, vSAN software-defined storage, vSphere Kubernetes Service and VCF Operations. 
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Figure 4: Components of the ThinkAgile Disaggregated Solution for VMware 

 

 

The VMware vSphere Foundation features the following components. 

ESXi hypervisor Provides bare-metal virtualization of servers so you can consolidate 

your applications with fewer hardware requirements.  

vCenter Server  VMware vCenter Server is advanced server management software 

that provides a centralized platform for controlling VMware vSphere 

environments, allowing you to automate and deliver a virtual 

infrastructure across the hybrid cloud.  

ONTAP tools for VMware vSphere 

(OTV) 

The ONTAP tools for VMware vSphere provides end-to-end life 

cycle management for virtual machines in VMware environments 

that use Lenovo storage systems. It enables the administrators to 

manage the storage within the vCenter Server directly and hence 

simplifies the storage and data management for VMware 

environments. 

Platform Services Controller (PSC) Provides a set of common infrastructure services that 

encompasses single sign-on (SSO), licensing, and a certificate 

authority (CA). 
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vSphere Lifecycle Manager (vLCM) Enables customers to have more efficient upgrades, improved 

reliability and performance, and easier overall maintenance. The 

most important capabilities of vLCM are its desired state model, the 

integration with hardware vendors for full-stack firmware updates, 

and simplified OEM image customizations, along with automatic 

compatibility checks. 

VMware Cloud Foundation 

Operations (formerly Aria 

Operations) 

Provides comprehensive visibility and insights into the 

performance, capacity and health of your infrastructure, including 

analytics capabilities to unstructured data and log management, 

which gives operational intelligence and deep, enterprise-wide 

visibility across all tiers of the IT infrastructure and applications. 

Provides a set of components for automation of operations 

including infrastructure health, configurations and compliance, 

application discovery, and monitoring of hardware and software. 

vSphere Kubernetes Service (VKS) Kubernetes based container platform for vSphere and supports 

development of modern applications. 

Other software components such as Lenovo XClarity Administrator are not shown. As well as providing 

management of Lenovo hardware, XClarity Administrator integrates with VMware vCenter, VMware Cloud 

Foundation (VCF) Operations with the XClarity Integrator, which is further described in “Systems management 

for Lenovo servers” on page 28. 

 

5.4 VMware vSAN 

VMware vSAN is a software-defined storage solution, embedded in the vSphere ESXi hypervisor, that 

aggregates local storage from multiple ESXi hosts into a single, shared datastore, enabling centralized 

management and high availability for virtualized environments. It makes use of the high-performance vSAN 

ESA (Express Storage Architecture), an optimized architecture designed to leverage multiple tiers of NVMe-

based TLC flash devices for both on-premises environments, and for the public cloud hyperscalers. All 

storage devices contribute to performance and capacity so you can get the most out of your investment.  

vSAN ESA operates as a single-tier architecture, leveraging storage pools, thereby simplifying storage 

management by eliminating the need for separate cache and capacity tiers. 

The primary RAID options available in vSAN ESA are RAID-5 and RAID-6, with a focus on erasure coding to 

achieve high-capacity utilization while maintaining performance. vSAN ESA automatically adjusts the RAID-5 

configuration based on the cluster size and ESA ensures that RAID-5 and RAID-6 configurations perform 

similarly to RAID-1, maximizing the storage-to-performance ratio without compromising on resilience. 
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5.5 VMware Cloud Foundation (VCF) Operations 

VCF Operations provides a centralized platform for managing and monitoring your VVF infrastructure, 

enabling proactive and predictive operations. It streamlines critical IT operations, logging, and diagnostics 

capabilities while delivering deep analytics that streamline IT processes. 

• Simplified IT Operations with Centralized Logging and Analytics: 

Benefit from a streamlined console experience, consolidated diagnostics, single sign-on, and centralized 

certificate management. Manage log data at scale, enabling efficient troubleshooting and auditing across 

environments. Utilize AI-powered anomaly detection and guided remediation to quickly identify and resolve 

issues, minimizing downtime and improving operational efficiency.  

• Real-Time Predictive Capacity Management: 

Leverage the forward-looking analytics engine to predict demand and proactively manage capacity to avoid 

unnecessary infrastructure purchases. Proactively plan for future capacity needs and optimize resource 

utilization.  

• Full Stack visibility for Infrastructure Cost Optimization: 

Use improved visibility into infrastructure health and on-premises costs to enable better decisions. Gain 

visibility through comprehensive insights into the health and performance of your entire infrastructure, 

including VMs, containers, and physical resources to optimize infrastructure costs and resource allocation.  

VMware vSphere Foundation (VVF), with its integrated operations management, delivers the best 

performance, availability, and efficiency from your infrastructure and applications.  

 

5.6 VMware vSphere Kubernetes Service (VKS) 

The VMware vSphere Kubernetes Service (also known as Tanzu) is a full distribution of the open-source 

Kubernetes container orchestration platform that is built, signed, and supported by VMware. It integrates with 

vSphere features such as vCenter SSO, Content Library, vSphere networking, vSphere storage, vSphere HA 

and DRS, and vSphere security. By using VKS the vSphere Administrator can turn a vSphere cluster to a 

platform for running Kubernetes workloads in dedicated resource pools. The vSphere administrator can 

manage and monitor vSphere Pods, VMs, and VKS clusters by using the vSphere Client. 

Both, containers and VMs, share the same vSphere Namespace resources and can be managed through 

vCenter console. The VM Service addresses the needs of DevOps teams that use Kubernetes but have 

existing VM-based workloads that cannot be easily containerized. It also helps users reduce the overhead of 

managing a non-Kubernetes platform alongside a container platform. When running containers and VMs on a 

Kubernetes platform, DevOps teams can consolidate their workload footprint to just one platform. Figure 5: 

vSphere Kubernetes Service (Tanzu) below shows the virtualization and container components in VKS 

(Tanzu) architecture. 
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Figure 5: vSphere Kubernetes Service (Tanzu) 

The table below shows the list of core components in Tanzu. 

Table 3: vSphere Tanzu Components 

Component Description 

Supervisor 

Cluster  

A cluster that is enabled for vSphere with Tanzu is called a Supervisor Cluster. It 

runs on top of an SDDC layer that consists of ESXi for compute, NSX-T Data 

Center or vSphere networking, and vSAN or another shared storage solution 

Kubernetes control 

plane VM 

Three Kubernetes control plane VMs in total are created on the hosts that are 

part of the Supervisor Cluster and three control plane VMs are load balanced 

Tanzu Kubernetes 

Grid Service 

Kubernetes control plane runs directly on the hypervisor layer 

vSphere Pod A vSphere Pod is a VM with a small footprint that runs one or more Linux 

containers. It is equivalent to Kubernetes pod. vSphere Pods are Open 

Container Initiative (OCI) compatible and can run containers from any operating 

system as long as these containers are also OCI compatible 

vSphere 

Namespaces 

Provides shared resource pools to run containers to isolate applications and 

tenants. The vSphere administrator can set limits for CPU, memory, storage, as 

well as the number of Kubernetes objects that can run within the namespace. 

The vSphere administrator can set limits for CPU, memory, storage, as well as 

the number of Kubernetes objects that can run within the namespace 

Tanzu Kubernetes 

Cluster 

Kubernetes clusters created by Tanzu Kubernetes Grid Service to run workloads 

Spherelet An additional process called Spherelet is created on each host. It is a kubelet 

that is ported natively to ESXi and allows the ESXi host to become part of the 

Kubernetes cluster 
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Component Description 

Container Runtime 

Executive (CRX) 

CRX includes a para-virtualized Linux kernel that works together with the 

hypervisor. CRX uses the same hardware virtualization techniques as VMs and 

it has a VM boundary around it. A direct boot technique is used, which allows 

the Linux guest of CRX to initiate the main init process without passing through 

kernel initialization. This allows vSphere Pods to boot nearly as fast as 

containers 

Tanzu CLI A command line interface to access and run commands to manage Kubernetes 

cluster and containers. 
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6 System Design 

The Lenovo Disaggregated Solution for VMware with ThinkAgile VX Series and ThinkSystem DE/DM/DG/DS 

Series storage is a consolidated architecture to support variety of workloads for enterprise customers. The 

solution provides shared compute for management and user workload virtual machines and containers and 

right sizing and resource management practice is required to scale workloads without compromising 

performance and availability. The following are the important recommended design guidance for optimal 

deployment. 

1. Deploy application workloads on Shared Storage 

2. Management workload on VMware vSAN 

3. Shared compute cluster for all workloads 

4. Scaling Workloads on vSAN and External Storage  

 

6.1 Deploying Application Workloads on Shared Storage 

Lenovo ThinkSystem DE/DM/DG/DS Series storage offloads I/O processing to the storage system and provides 

features to manage, deploy and backup virtual machines and containers. The workloads can benefit from 

snapshot, encryption, application- and virtual machine-aware backup features. Keep in mind that performance 

is shared across all the servers connected - while adding non-VMware workloads is supported, performance 

may be impacted.  

Databases can significantly benefit from the use of snapshots, and it allows rapid restoration, and it is faster 

than full backup. Snapshots also reduce storage requirements and reduces compute overhead and it simplifies 

database migration and managing test and development environments. Regularly scheduled snapshots can act 

as a defense against ransomware attacks by preserving data at specific intervals and if an attack occurs, it is 

easy to revert to a snapshot taken before the incident, thus minimizing potential damage. 

ThinkSystem storage encrypts data at rest, and it provides protection against data breaches and ransomware 

attacks and compliance with regulations. The ability to encrypt without impacting performance ensures that 

database operations remain efficient. Volume level encryption isolates each tenant in multi-tenant environments, 

Lenovo ThinkSystem with ONTAP software is integrated with vSphere and the application- and virtual machine-

aware backup features ensure data consistency and integrity during backup and restore operations, especially 

for applications and virtual machines. It understands the state of the virtual machines (VMs) and the applications 

running within them. This involves coordinating with the hypervisor to quiesce the VM, ensuring all data is 

flushed to disk before a snapshot is taken. The snapshot is then application-consistent, capturing both the data 

and the application state, which is crucial for reliable recovery. 
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6.2 Management Workload on vSAN 

The VMware vSphere Foundation (VVF) components and additional management software for infrastructure 

and Kubernetes management are recommended to be deployed on vSAN storage. The following are the major 

management components. 

• VMware vCenter 

• VMware Tanzu 

• VMware VCF Operations 

• Lenovo ONTAP Tools for VMware vSphere (OTV) 

• Other tools specific to application workloads 

 

6.3 Shared Compute Cluster 

The following design aspects are recommended to consider before deployment. The ThinkAgile VX V4 systems 

are powered by Intel Xeon 6 Processors and the solution is designed with low core to high core counts and the 

vSAN cluster can be scaled out to accommodate compute requirements. The lower core counts enable 

optimizations in VMware software licensing requirements for virtualization. Customers may choose to deploy 

the solution with processors including higher core counts as needed. Higher core counts provide the added 

benefit of greater vSAN storage capacity that is enabled by the free vSAN license allocations from the per core 

VVF licenses. The compute cluster is designed for horizontal scaling and the nodes can be added to the cluster 

as needed. 

• The design uses a single compute cluster for all workloads, and it is recommended to size maximum 

usable capacity for 70-80% capacity to leave headroom to accommodate dynamic demands and peak 

load requirements.  

• The three-node cluster is a good starting point, and the cluster can be scaled out to 8 nodes or more 

but if the number of virtual machines and containers are growing then it is recommended to use either 

dedicated VVF clusters for each workload, use a cluster with systems designed with higher core 

processors or consider upgrading to a VMware Cloud Foundation (VCF)-based solution. 

• If the DG Series shared storage is running out of throughput and latency is observed, especially for 

critical workloads, then it is recommended to use the vSAN storage and the compute cluster should 

have enough compute to accommodate workload as well as vSAN overhead. 

• It is recommended to use resource pooling when mixed workloads across development, test and 

production are deployed on the same cluster. The development and test environment can be allocated 

with less resources and production environment can be allocated based on real-time usage 

requirements.  

• Architect database clusters and other workloads to provide fault tolerance and data redundancy across 

nodes and allocate enough compute, memory and storage for the respective resource pools. 

• Ensure management VMs have high availability (HA) features to avoid downtime during management 

operations 
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• Define maintenance window for different workloads and plan provisioning and backup operations during 

off peak hours to impact on other workloads. 

• Implement VLANs, firewalls, and virtual machine isolation to protect sensitive workloads like databases. 

• Automate provisioning, scaling, and failover processes using orchestration tools like Kubernetes. 

 

6.4 Scaling Workloads on External Storage and VMware vSAN 

The shared compute cluster with ThinkAgile VX servers can be scaled out horizontally and ThinkSystem storage 

Series storage provides plenty of storage to accommodate I/O throughput and capacity requirements for all 

virtual machines and containers. It is recommended to distribute loads across different volumes instead of 

having few large volumes to scale throughput and easy manageability. 

• If IOPS limits for the ThinkSystem storage is saturated and high latency is observed, then remaining 

compute capacity can be used for deploying workloads on VMware vSAN. The vSAN cluster can be 

further scaled out to run more workloads on vSAN. 

• 25 Gbps uplink provides enough bandwidth for end-end throughput and avoids latency for workloads 

deployed on External Storage and vSAN. 

• Leveraging both External Storage and vSAN storage may result in more overhead for computing, and 

thus it must be sized appropriately, and workloads must be distributed across the nodes in the cluster. 

It is recommended to group the workloads and place in appropriate resource pools. 
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7 Operational model 

This section describes the options for mapping the logical components of the Disaggregated Infrastructure 

Solution onto hardware and software. The “Operational model scenarios” section gives an overview of the 

available mappings and has pointers into the other sections for the related hardware. Each subsection 

contains recommendations on how to size for that particular hardware, and a pointer to the BOM 

configurations that are described in section 8 on page 47. The last part of this section contains some 

deployment models for example customer scenarios. 

7.1 Operational model scenarios 

Table 4a shows the Operational Models (Profiles) in the Lenovo ThinkAgile Disaggregated Solution for 

VMware.  

Table 4a: Workload and Storage for different workload profiles 

Type of Workload 

Profile 

Total Shared Storage 

Size 
vSAN Storage Size 

Number of 

Applications 

Entry Level 

Raw Capacity:184TB 

Effective Capacity: 

330TiB* 

Raw Capacity: 23TB 

Usable Capacity: 8.7TiB 
50-75 VMs 

Mid-Sized Environments 

Raw Capacity: 245TB 

Effective Capacity: 

480TiB* 

Raw Capacity:46TB 

Usable Capacity: 18TiB 
100-150 VMs 

*Effective Capacity based on 4:1 compression and RAID data protection 

The profiles in the table above are typical starting points for customers, however, customers may choose to 

size their environments differently, based on their own unique workload requirements. For best results, reach 

out to your Lenovo Sales Representative who will assist you with sizing the right hardware configuration best 

on your workload requirements. 

The above environments are sized for general-purpose application VMs whose typical characteristics are as 

listed in Table 4b: 

Table 5b: Workload VM Characteristics based on General Purpose Application VMs 

Workload VM Characteristics 

vCPU / pCPU 4 

vCPU / VM 4 

vRAM / VM (GB) 4 



24 
Reference Architecture: Disaggregated Solutions for VMware with ThinkAgile VX  and ThinkSystem 

DE/DM/DG/DS Storage with ThinkAgile VX and ThinkSystem DE/DM/DG/DS Storage 

 

 

IOPs / VM 500 

Storage / VM (GB) 1024 

 

7.1.1 Primary Storage with ThinkSystem DE/DM/DG/DS Series 

Lenovo ThinkSystem DE/DM/DG/DS series storage supports different drive configuration, multiple protocols 

and ONTAP features to deploy and scale workloads with different performance and capacity requirements. 

Table 6 lists different ThinkSystem models and the supported configuration.  

Table 6: Lenovo ThinkSystem Storage systems 

Primary Storage All Flash Protocol Support Maximum Capacity 

DE4200H  No SAS, iSCSI, FC 2.3 PB 

DE4800H No SAS, iSCSI, FC 7.2 PB 

DE4800F Yes SAS, iSCSI, FC 1.84 PB 

DE6400H No FC, iSCSI, iSER/IB, NVMe/FC, NVMe/IB, 

NVMe/RoCE, and SRP/IB. 

4.577 PB 

DE6400F Yes FC, iSCSI, iSER/IB, NVMe/FC, NVMe/IB, 

NVMe/RoCE, and SRP/IB. 

1.798 PB 

DE6600H No Fibre Channel, iSCSI, Ethernet 7.741 PB 

DE6600F Yes Fibre Channel, iSCSI, Ethernet 1.798 PB 

DM3010H No FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 
NFSv4/RDMA, SMB, S3 

27.6 PB (NAS) 

13.8 PB (SAN) 

DM3200F  FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 

NFSv4/RDMA, SMB, S3 

2.21 PB 

DM5200F  FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 
NFSv4/RDMA, SMB, S3 

4.42 PB 

DM5200H  FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 

NFSv4/RDMA, SMB, S3 

1.475 PB 

DM7200F Yes FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 
NFSv4/RDMA, SMB, S3 

11.06 PB 

DG5200 Yes FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 
NFSv4/RDMA, SMB, S3 

4.32 PB 

DG7200 Yes FC, iSCSI, NVMe/FC, NVMe/TCP, NFS, 
NFSv4/RDMA, SMB, S3 

7.2 PB 

DS3200 Yes FC, iSCSI, NVMe/FC, NVMe/TCP 2.21 PB 
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Primary Storage All Flash Protocol Support Maximum Capacity 

DE4200H  No SAS, iSCSI, FC 2.3 PB 

DE4800H No SAS, iSCSI, FC 7.2 PB 

DE4800F Yes SAS, iSCSI, FC 1.84 PB 

DE6400H No FC, iSCSI, iSER/IB, NVMe/FC, NVMe/IB, 

NVMe/RoCE, and SRP/IB. 

4.577 PB 

DE6400F Yes FC, iSCSI, iSER/IB, NVMe/FC, NVMe/IB, 

NVMe/RoCE, and SRP/IB. 

1.798 PB 

DS5200C Yes FC, iSCSI, NVMe/FC, NVMe/TCP 2.95 PB 

DS5200 NoYes FC, iSCSI, NVMe/FC, NVMe/TCP 4.43 PB 

DS7200 yes FC, iSCSI, NVMe/FC, NVMe/TCP 11.06 PB 

 

Lenovo ThinkSystem DG5200 models are 2U rack-mount controller enclosures that include two controllers, 128 

GB RAM and 16 GB battery-backed NVRAM (64 GB RAM and 8 GB NVRAM per controller), and 24 SFF hot-

swap drive bays (2U24 form factor). A single ThinkSystem DG5200 Storage Array scales out to 72 QLC SSDs 

with the attachment of two Lenovo ThinkSystem DG242N 2U24 SFF Expansion Enclosures. Up to 4x DG5200 

Storage Arrays can be combined into a clustered system in a NAS or a SAN environment. 

 

Figure 6: Lenovo ThinkSystem DG5200 Storage 

 

Table 7 below lists Lenovo ThinkSystem DG Series storage system support for the Lenovo ThinkAgile 

disaggregated Solution for VMware. 

Table 7: Lenovo ThinkSystem DG Series profile for the ThinkAgile Disaggregated Solution for VMware 

Storage 

System 
All Flash SnapMirror Protocol Connectivity 

Minimum 

Capacity 

(Raw) 

Maximum 

Capacity 

(Raw) 

ThinkSystem 

DG5200 
QLC Yes 

SAN (Block) 

NAS (File) 

NVMe/TCP 

NFS 
122TB 2.2PB 
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7.1.2 Compute Cluster with ThinkAgile VX Series and VMware vSAN Storage 

Lenovo ThinkAgile VX V4 systems are Hyperconverged Infrastructure (HCI) solution built on Lenovo servers 

and powered by VMware vSAN ESA storage. It is designed for VMware environments and simplifies, 

accelerates the deployment and management of VMware-based compute clusters, offering a turnkey, pre-

configured, and pre-tested solution. Table 8 shows list of ThinkAgile VX V4 Series systems and capacity 

supported in the Lenovo ThinkAgile Disaggregated Solution for VMware. 

 

Figure 7: Lenovo ThinkAgile VX650 V4 HCI System 

Table 8: Lenovo ThinkAgile VX Series profiles for the ThinkAgile Disaggragated Solution for VMware  

HCI Compute 

Systems 

Form 

Factor 
Processors 

Minimum vSAN 

Capacity per node* 

Maximum vSAN 

Capacity per node* 

ThinkAgile VX630 V4 
1U – 2 

Socket 
Intel Xeon 6 3.2TB 30.72TB 

ThinkAgile VX650 V4 
2U – 2 

Socket 
Intel Xeon 6 3.2TB 30.72TB 

*vSAN Capacity is calculated based on the free tier allocation of vSAN capacity from the per core VVF licensing. 

It depends on the number of cores in the CPU selected in the configuration. Each configuration for the 

ThinkAgile VX V4 Series servers must include at least 2 NVMe drives and up to 16 drives for VX630 V4 and up 

to 24 drives for VX650 V4 based on a combination of drive capacity and the maximum number of cores per 

CPU in every node.  

7.1.3 Compute Servers for Virtual Desktops 

This section describes sizing for deploying Windows 10 dedicated virtual desktops on the DG5200 storage and 

compute servers with ThinkAgile VX650 V4 and VX630 V4 with Intel Xeon 6 Scalable processors. There are 

several considerations for the performance of the compute server, including the processor family and clock 

speed, the speed and size of main memory, network speed, and storage drive configurations. The compute 

cluster also hosts management components for virtualization and virtual desktop infrastructure. The knowledge 

worker profile given here is based on Login Enterprise benchmarking tool and it includes Office 365 applications 

and Edge/Chrome browsers. 

Table 9: Knowledge Worker Virtual Desktops on 3 Node Cluster 

Server Processor Workload Storage 

Protocol 

Total 

Desktops 

@75% CPU 

Desktops 

per Node 
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ThinkAgile 

VX630 V4 

Intel Xeon 6517P 

16C 190W 

3.2GHz 

Processor 

Knowledge Worker (3 

vcpu+4GB+80GB 

disk) 

NVMe/TCP 180 60 

ThinkAgile 

VX650 V4 

Intel Xeon 6737P 

32C 270W 

2.9GHz 

Processor 

Knowledge Worker (3 

vcpu+4GB+80GB 

disk) 

NVMe/TCP 360 120 

 

 

7.1.4 VMware vSphere Foundation (VVF) Components 

The shared compute cluster will host all the VVF components in high availability mode and use vSAN storage. 

Table 10: Management VMs for VVF 

VM description  
CPU 

(vCPUs) 

Memory 

(GB) 

Storage 

(GB) 

Network 

bandwidth 

High availability 

vCenter Server Appliance 8 24 500 1 GbE load balancer 

vSphere Replication 2 4 20 1 GbE not required 

vSphere Data Protection 4 4 1600 1 GbE not required 

VMware Aria Operations – Master 4 16 500 1 GbE clustered 

VMware Aria Operations – Data 4 16 500 1 GbE not required 

vRealize Hyperic Server 8 12 16 1 GbE load balancer 

vRealize Hyperic Server - Postgres DB 8 12 75 1 GbE load balancer 

 

7.2 Networking 

It is recommended to use 25GbE links and isolate traffic with VLANs for management, vSAN, backup and 

application workloads. When all the components and workloads are co-hosted on the shared compute 

infrastructure, the networking bandwidth needs to be sized appropriately. 

Lenovo is an official Cisco Solution Technology Integrator (STI) for Cisco Nexus 9300 Switches, licenses, and 

Cisco Smart Net Services, integrated with our Lenovo ISG Servers and Storage solutions.  

The Cisco Nexus 9300 Series Network Switches are designed to meet the evolving demands of modern data 

centers, providing high-density, nonblocking, and low-power-consuming solutions. These switches are ideal for 

top-of-rack (ToR), middle-of-row (MoR), and end-of-row (EoR) deployments in enterprise data centers, service 

provider facilities, and large virtualized and cloud computing environments. The Nexus 9300 Series supports 

both Layer 2 and Layer 3 switching, offering up to 2.56 terabits per second (Tbps) of internal bandwidth. 
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The table below shows the recommended switches that are compatible with the ThinkAgile Disaggregated 

Solution for VMware. 

Table : Compatible Cisco Switches recommended for the ThinkAgile Disaggregated Solution for 

VMware  

Model CTO Model Description 

Form 

factor Ports Uplinks 

25 Gb Ethernet with 100 Gb Uplinks 

93180YC-FX3  7DL4CTO1WW Cisco Nexus 9300-FX3 Series 

Switch (N9K-C93180YC-FX3) 

1U 48x 

10/25G 

6p 40/100G 

100 Gb Ethernet 

9336C-FX2  7DLBCTO1WW Cisco Nexus 9300-FX2 Series 

Switch (N9K-C9336C-FX2) 

1U 36x 100G - 

For more details on model summary, market availability and support, please refer to the Lenovo Cisco Nexus 

9300 Series Network Switches Product Guide - https://lenovopress.lenovo.com/lp2034-cisco-nexus-9300-

series-network-switches 

 

7.3 Systems management for Lenovo servers 

Lenovo XClarity™ family of system management software and tools provide centralized resource management, 

monitoring and analytics solution that reduces complexity, speeds up response, and enhances the availability 

of Lenovo® server systems and solutions. The XClarity integrator plugins are designed to work with VMware 

VCF components as an extension to simplify the operations. For more information, see this website: 

https://www.lenovo.com/us/en/data-center/software/management/. 

 

 

7.3.1 Lenovo XClarity One 

Lenovo XClarity One is a unified management platform designed to simplify the administration of Lenovo 

servers. Available in both cloud-based and on-premises local VM versions simplifies monitoring, managing, and 

optimizing data center resources. XClarity One streamlines routine tasks, reduces operational complexity, and 

enhances system performance with advanced automation capabilities and it provides scalability, flexibility, and 

remote access, ensuring high availability and reliability for IT infrastructure. 

XClarity One in the cloud is recommended for small to medium businesses and Lenovo hosts, manages and 

maintains it. Software updates, security fixes, customer fixes and firmware updates are updated as soon as 

they are released. 

https://lenovopress.lenovo.com/lp2034-cisco-nexus-9300-series-network-switches#93180yc-fx3
https://lenovopress.lenovo.com/lp2034-cisco-nexus-9300-series-network-switches#9336c-fx2
https://lenovopress.lenovo.com/lp2034-cisco-nexus-9300-series-network-switches
https://lenovopress.lenovo.com/lp2034-cisco-nexus-9300-series-network-switches
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XClarity One hosted as a local VM requires Internet access, either directly or through a web proxy, to perform 

certain functions such as send automatic problem notification, retrieve service ticket and warranty, perform CVE 

and firmware analysis and update firmware catalog. 

Lenovo XClarity One discovers, monitors and manages devices through one or more light-weight management 

hubs which run as a virtual machine in on-premise. XClarity One Hub polls each managed device every 24 

hours to collect and send inventory data to XClarity One. The hubs automatically discover supported devices 

with baseboard management controllers and devices are migrated from an existing Lenovo XClarity 

Administrator v4.3.4 or later. 

 

7.3.2 Lenovo XClarity Integrators (LXCI) for VMware 

Lenovo provides XClarity integration modules for VMware vCenter, VMware Aria Automation, VMware Aria 

Automation Orchestrator and VMware Aria Operations for Logs.  

By using the Lenovo XClarity Integrator for VMware vCenter, administrators can consolidate physical resource 

management in VMware vCenter, which reduces the time that is required for routine system administration. By 

using the Lenovo XClarity Integrator for VMware vCenter, administrators can consolidate physical resource 

management in VMware vCenter, which reduces the time that is required for routine system administration.  

The Lenovo XClarity Integrator for VMware vCenter provides the following features and benefits: 

Extends Lenovo XClarity Administrator features to the virtualization management console 

Enables management of legacy infrastructure from the virtualization management console 

Reduces workload downtime by dynamically triggering workload migration in clustered environments during 

rolling server reboots or firmware updates, and predicted hardware failures 

Figure 7 shows Lenovo XClarity Integrator deployed in the vCenter and displays ThinkAgile VX nodes. 

 

Figure 7: Lenovo XClarity Integrator for VMware vCenter 
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The Lenovo XClarity Integrator for VMware Aria Automation Orchestrator provides IT administrators with the 

ability to coordinate physical server provisioning features of Lenovo XClarity Pro with broader Aria Automation 

Orchestrator workflows. Lenovo XClarity Integrator for VMware Aria Automation Orchestrator provides a library 

of simple, yet robust and customizable workflow routines and actions designed to automate complex, repetitive 

IT infrastructure tasks such as system discovery and configuration, hypervisor installation, and addition of new 

hosts to vCenter. Figure 8 shows the Lenovo XClarity Integrator for Aria Automation Orchestrator workflow 

interface. 

 

Figure 8: Lenovo XClarity Integrator for VMware Aria Automation Orchestrator interface 

The Lenovo XClarity Administrator Content Pack for VMware Aria Operations for Logs simplifies the collection 

and forwarding of Lenovo XClarity Administrator logs to VMware Aria Operations for Logs for powerful 

processing and analytics and displaying insightful information in an intuitive format. 

The VMs for VMware vCenter, VMware Aria Automation Orchestrator, Lenovo XClarity Administrator and 

Lenovo XClarity Administrator Integrator should have access to the management network used for managing 

servers, storage and networking. 

Lenovo XClarity Integrator for VMware Aria Automation provides a set of blueprints to provision infrastructure 

services based on Lenovo servers, network switches and vSphere. These eases provisioning a new Lenovo 

server with vSphere installed, network isolation parameters configured on the Lenovo switches, apply vSphere 

distributed switch configurations and adding the server to the existing or new vSphere Cluster. The Lenovo 

VMware Aria content pack for VMware Aria Automation needs to imported into VMware Aria Automation 

Orchestrator and then the Blueprints package is imported using the vRealize Cloud Client command line utility 

by Tenant Administrators and it creates catalog items automatically. The catalog items are created under Lenovo 

Servers, Lenovo Network, and Lenovo Virtualization services. Figure 9 shows Lenovo XClarity Integrator 

template items for VMware Aria Automation. 
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Figure 9: Lenovo XClarity Integrator for VMware Aria Automation template Items 

 

Lenovo XClarity Adapter for VMware Aria Operations Manager provides a global view of the relationship 

between resources, such as connected chassis, servers, power supplies, and ESXi connectivity. The plugin 

helps to monitor the hardware events in a Lenovo XClarity Administrator-managed environment. Quickly identify 

trends based on hardware events received, including hardware failures, power/thermal thresholds that 

exceeded, and PFAs (predicted failure alerts). These events categorize by source, type of hardware surfacing 

the events, and whether service is required. This information can help identify issues in your data centers so 

that you can react before more serious issues occur. Figure 10 shows the XClarity Adapter for VMware Aria 

Operations manager interface summary tab contains alerts and recommended actions. 

 

Figure 10: Lenovo XClarity Integrator for VMware Aria Operations 

 

The VMware Aria Operations for Logs content pack for provides analysis of events from the Lenovo XClarity 

Administrator, Lenovo XClarity Orchestrator, and the resources managed by XClarity. These insights help to 
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monitor hardware events, resource alerts, auditing security changes, firmware upgrades and configuration 

management. Figure 11 shows the events insight page for Lenovo XClarity content pack for VMware Aria 

Operations for Logs. 

 

 

Figure 11: Lenovo XClarity Integrator for VMware Aria Operations for Logs 

 

7.3.3 Lenovo XClarity plugins compatibility  

Table 11 below lists current versions of Lenovo integration plugins and the required or supported VMware 

vCenter and VMware Aria Suite products. 

Table 11: Plug-in compatibility 

Component Name Version Supported Product Versions 

Lenovo XClarity Administrator (LXCA) 3.4 
VMware vCenter 6.0U2/6.5/6.7, ESXi 6.0U2/6.5 

U1/6.7/7.0U2, 8.0U2, 8.0U3 

Lenovo XClarity Integrator (LXCI) for 

vCenter 
7.4 

Lenovo XClarity Administrator 1.4.x, 2.x 

VMware vCenter 5.x U1/U2/U3, 6.0 U1/U2/U3, 6.5 

U1/U2,6.7(U1,U2,U3), 7.0(U1, U2,U3), 8.0U2, 8.0U3 

Lenovo XClarity Administrator content pack 

for VMware Aria Operations for Logs 
1.0 

Lenovo XClarity Administrator 1.1 or higher 

VMware Aria Operations for Logs 8.12 or higher 

Lenovo XClarity Integrator for VMware Aria 

Automation 
1.2 VMware Aria Automation 8.3 or higher 

Lenovo XClarity Integrator for VMware Aria 

Automation Orchestrator 
1.2 

VMware Aria Automation 8.0 

VMware Aria Automation Orchestrator 6.0/7.0/8.0 

Lenovo Network Plugin for VMware Aria 

Automation Orchestrator 
1.4.0 VMware Aria Automation Orchestrator 8.14 

Lenovo XClarity Content Pack for VMware 

Aria Operations 
1.2 VMware Aria Operations 8.5, 8.6, 8.10, 8.12, 8.14 
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7.4 Lenovo ONTAP Tools Integration with VMware 

The Lenovo ONTAP tools for VMware vSphere (OTV) provides end-to-end life cycle management for virtual 

machines in VMware environments that use NetApp storage systems. It enables the administrators to manage 

the storage within the vCenter Server directly and hence simplifies the storage and data management for 

VMware environments. Lenovo ONTAP uses VMware vSphere APIs for Storage Awareness (VASA) to send 

information about storage used by VMware vSphere to the vCenter Server and supports to perform the following 

tasks. 

• Create NFS datastore and mount them on vsphere hosts 

• Create and use storage capability profiles that define different storage service level objectives (SLOs) 

for your environment 

• Verify for compliance between the datastores and the storage capability profiles 

• Set alarms to warn you when volumes and aggregates are approaching the threshold limits 

 

7.4.1 Deploy ONTAP Tools (OTV) 

To deploy ONTAP tools on vSphere refer Deploy ONTAP Tools VMware vSphere 

 

 

Figure 12: vCenter console with ONTAP Tools 

 

https://datacentersupport.lenovo.com/us/en/storagepubs/ontap-tools-vmware-vsphere/deploy/task_deploy_ontap_tools
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Figure 13: Storage Systems in vCenter UI 

 

 

Figure 14: ONTAP datastore report 

 

7.4.2 Provision datastores with NFS 

 

To provision from vSphere through ONTAP tools, refer Create NFS Datastores  

https://datacentersupport.lenovo.com/us/en/storagepubs/ontap-tools-vmware-vsphere/configure/install-nfs-vaai-plug-in
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Figure 15: Invoke ONTAP Tools from vCenter Menu 

 

 

Figure 16: Provision datastore using ONTAP Tools 

 

 



36 
Reference Architecture: Disaggregated Solutions for VMware with ThinkAgile VX  and ThinkSystem 

DE/DM/DG/DS Storage with ThinkAgile VX and ThinkSystem DE/DM/DG/DS Storage 

 

 

 

Figure 17: Select the Storage System and SVM for NFS 

 

 

 

 

 

Figure 18: Create Volumes and define storage attributes 
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Figure 19: Provision vVol datastore using ONTAP tools for VMware 

 

 

 

Figure 20: Completion of vVol datastore creation 

 

7.4.3 Configure NVMe over TCP on DG Series 

NVMe access can be configured either through DG Series system manager UI or CLI. Refer to Configuring 

NVMe protocol on SVMs for more details on configuring NVMe over TCP. 

 

https://pubs.lenovo.com/storage-manager-98/60D2C04B-FF6E-4F4A-AA6F-7BBCBB61A0FE_
https://pubs.lenovo.com/storage-manager-98/60D2C04B-FF6E-4F4A-AA6F-7BBCBB61A0FE_
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Figure 21: NVMe namespaces on ONTAP 

 

 

Figure 22: NVMe subsystem on ONTAP 
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Figure 23: NVMe Namespace on ONTAP 

 

7.4.4 Configure NVMe over TCP on vSphere 

To configure NVMe over TCP, Refer Configuring NVMe over TCP on ESXi  

 

Figure 24: Add NVMe over TCP storage adapter 

 

https://techdocs.broadcom.com/us/en/vmware-cis/vsphere/vsphere/8-0/vsphere-storage-8-0/about-vmware-nvme-storage/configuring-nvme-over-tcp-on-esxi.html
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Figure 25: Add DG Series storage controller 

 

 

Figure 26: List of NVMe namespaces 
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Figure 27: List of paths to namespaces 

 

 

Figure 28: List of NVMe namespaces 
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Figure 29: Configure Multipathing options 

 

7.4.5 Create VMFS Datastore with NVMe/TCP Namespace 

The regular VMFS datastore can be created after the ONTAP volumes configured with NVMe/TCP are 

discovered as shown in 7.4.4 
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Figure 30: Provision new datastore 

 

Figure 31: Select VMFS options 
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Figure 32:  Select NVMe/TCP namespace 

 

 

Figure 33: Select VMFS Version 
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Figure 34: Select Size of the datastore 

 

 

Figure 35: Finish datastore creation 

 

7.4.6 Migrate protected virtual machines 

You can migrate the protected virtual machines to: 

• Same vVols datastore in a different ESXi host 

• Different compatible vVols datastore in same ESXi host 
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• Different compatible vVols datastore in a different ESXi host 

If virtual machine is migrated to different FlexVol volume, then respective metadata file also gets updated with 

the virtual machine information. If a virtual machine is migrated to a different ESXi host but same storage, 

then underlying FlexVol volume metadata file will not be modified. 

When you migrate from a traditional datastore to a vVols datastore, the vCenter Server uses vStorage APIs 

for Array Integration (VAAI) offloads when moving data from VMFS datastores, but not from an NFS VMDK 

file. VAAI offloads normally reduce the load on the host. 

Steps 

1. Right-click the virtual machine that you want to migrate, and then click Migrate. 

2. Select Change storage only, and then click Next. 

3. Select a virtual disk format, a VM Storage Policy, and a VVol datastore that matches the features of 

the datastore that you are migrating, and then click Next. 

4. Review the settings, and then click Finish. 

 

7.4.7 Best Practices for NVMe over TCP on ThinkSystem Storage with VMware 

vSphere 

On ThinkSystem storage, 

• Provision multiple NVMe namespaces and NVMe subsystems to achieve maximum throughput by 

distributing across both controllers. 

• Use dual 25GbE links for controllers 

On vSphere,  

• Enable the NVMe DSM esxcfg-advcfg -s 1 /SCSI/NvmeUseDsmTp4040 

• Use two NVMe over TCP adapter to get better performance and multipathing 

• Path selection policy LB-RR, I/O count for path switch = 32, Bytes count for path switch = 524288 

• Use Jumbo frames (MTU 9000) 
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8 Appendix: Bill of materials 

This appendix contains the bill of materials (BOMs) for different configurations of hardware. There are sections 

for user servers, management servers, storage, networking switches, chassis, and racks that are orderable 

from Lenovo. The last section is for hardware orderable from an OEM. 

The BOM lists in this appendix are not meant to be exhaustive and must always be double-checked with the 

configuration tools. Any discussion of pricing, support, and maintenance options is outside the scope of this 

document. 

8.1 BOM for Entry Level profile (50-75 VMs) 

This section contains the typical bill of materials for an entry level profile of 50-75 application VMs, whose typical 

VMs characteristics have been defined in Table 4b. Customers can start with the below configuration and 

choose to scale compute by adding more ThinkAgile VX630 V4 Systems or scale storage by adding more drive 

packs to their existing ThinkSystem DG5200 QLC All Flash Array or expanding with expansion enclosures. 

Please contact your Lenovo Sales Representative for more details.  

Table 12: ThinkAgile Disaggregated Solution for VMware - Entry Level Profile (50 – 75 VMs) 

Part number Product Description Qty 

7DG6CTO1WW Server : ThinkAgile VX650 V4 1 

C68E ThinkAgile VX650 V4 24x2.5" Chassis 1 

BVGL Data Center Environment 30 Degree Celsius / 86 Degree Fahrenheit 1 

B0W3 XClarity Pro 1 

C5QV Intel Xeon 6517P 16C 190W 3.2GHz Processor 2 

BYTJ ThinkSystem 32GB TruDDR5 6400MHz (2Rx8) RDIMM 16 

BT2G vSAN ESA 1 

BYRM vSAN-HCI-SM 1 

C2BS 

ThinkSystem 2.5" U.3 7500 PRO 3.84TB Read Intensive NVMe PCIe 4.0 x4 HS 

SSD 2 

C46P ThinkSystem 2U V4 8x2.5" NVMe Backplane 1 

C0JJ ThinkSystem M.2 RAID B540p-2HS SATA/NVMe Adapter 1 

BQ1Y ThinkSystem M.2 5400 PRO 480GB Read Intensive SATA 6Gb NHS SSD 2 

C1YK ThinkSystem SR650 V4/SR630 V4 x16 OCP Cable Kit 1 

BE4T 

ThinkSystem Mellanox ConnectX-6 Lx 10/25GbE SFP28 2-port OCP Ethernet 

Adapter 1 

C4S2 ThinkSystem SR650 V4 Processor Board 1 

AURS Lenovo ThinkSystem Memory Dummy 16 

BPP5 OCP3.0 Filler with screw 1 

C7Y8 ThinkSystem SR650 V4 System I/O Board 1 

B8K8 ThinkSystem 2U MS 24x2.5" NVMe HDD Type Label1 1 

AUTQ ThinkSystem small Lenovo Label for 24x2.5"/12x3.5"/10x2.5" 1 

BZ7F ThinkSystem WW Lenovo LPK, Birch Stream 1 

5641PX3 XClarity Pro, Per Endpoint w/3 Yr SW S&S 1 

1340 Lenovo XClarity Pro, Per Managed Endpoint w/3 Yr SW S&S 1 
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7DHYCTO1WW Controller : Lenovo ThinkSystem DG5200 QLC All Flash Array 1 

BF3C Lenovo ThinkSystem Storage 2U NVMe Chassis 1 

BWU8 Storage Complete Bundle Offering 1 

C4A5 Lenovo ThinkSystem DM/DG5200 Series Controller, 64GB 2 

C5RG 

Lenovo ThinkSystem 30.7TB (2x 15.36TB QLC NVMe SED) Drive Pack for 

DG5200/DG7200 6 

C4AA 

Lenovo ThinkSystem Storage 100Gb 2 port Ethernet, RoCE Adapter 

(Host/Cluster) 2 

AV1Z Lenovo 1m Passive 100G QSFP28 DAC Cable 2 

BY6K USB-A to USB-C Cable 1 

6400 2.8m, 13A/100-250V, C13 to C14 Jumper Cord 2 

C4AG Lenovo ThinkSystem Storage ONTAP 9.16 Software Encryption - IPAv2 1 

B0W2 5 Years 1 

C6S2 Premier 24x7 4hr Response and KYD 1 

C48U Configured with Lenovo ThinkSystem DG5200 1 

BWUE Storage Encryption Bundle License Key - RoW 2 

BWUC Storage Complete Bundle License Key 2 

C49B Lenovo ThinkSystem DM/DG Series Jupiter All Flash Ship Kit - Multi-Language 1 

B6Y6 Lenovo ThinkSystem NVMe Rail Kit 4 post 1 

C3HV Lenovo Logo nameplate 1 

C5H3 Lenovo ThinkSystem NVMe Jupiter Packaging 1 

C494 Lenovo ThinkSystem DG5200 Model Name Label 1 

B738 Lenovo ThinkSystem NVMe Accessory 1 

C9UY PESS mandatory not be enforced 1 

C8V9 7-segment LED cover Label 1 

B4E7 EIA NamePlate 1 

C48X Lenovo ThinkSystem DM/DG Jupiter 2U24 NVMe Bezel 1 

B6Y5 Lenovo ThinkSystem NVMe SFF Filler 12 

C498 Lenovo ThinkSystem Storage Controller 2U24 NVMe Agency Label 1 

C48W I/O Slot Cover 6 

      

5641PX3 XClarity Pro, Per Endpoint w/3 Yr SW S&S 1 

1340 Lenovo XClarity Pro, Per Managed Endpoint w/3 Yr SW S&S 1 

3444 Registration only 1 

      

7S0SCTOPWW ThnkSys DG5200 7DHY SWLicense 1 

SDJG 

Lenovo ThinkSystem DG5200 NVMe QLC Unified Complete SW License with 3 

Years Support, Per 0.1TB 1843 

      

5WS7C06772 5Yr Premier 24x7 4Hr Resp DG5200+KYD 1 
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5WS7C07662 5Yr Premier 24x7 4Hr Resp+KYD (0.1TB NVme QLC) 1843 

      

5WS7C21100 4th & 5th Yr DG5200(184.32TB NVme QLC)Pack Unified Complete 1 

 

8.2 BOM for Mid-Sized Profile (100-150 VMs) 

This section contains the bill of materials for a mid-sized profile of 100-150 application VMs, whose typical 

VMs characteristics have been defined in Table 4b. Customers can start with the below configuration and 

choose to scale compute by adding more ThinkAgile VX650 V4 Systems or scale storage by adding more 

drive packs to their existing ThinkSystem DG5200 QLC All Flash Array or expanding with expansion 

enclosures. Please contact your Lenovo Sales Representative for more details. 

Table 13: ThinkAgile Disaggregated Solution for VMware – Mid-Sized Profile (100 – 150 VMs) 

Part number Product Description Qty 

7DG6CTO1WW Server : ThinkAgile VX650 V4 1 

C68E ThinkAgile VX650 V4 24x2.5" Chassis 1 

BVGL Data Center Environment 30 Degree Celsius / 86 Degree Fahrenheit 1 

B0W3 XClarity Pro 1 

C5QX Intel Xeon 6737P 32C 270W 2.9GHz Processor 2 

BYTJ ThinkSystem 32GB TruDDR5 6400MHz (2Rx8) RDIMM 16 

BT2G vSAN ESA 1 

BYRM vSAN-HCI-SM 1 

C2BS ThinkSystem 2.5" U.3 7500 PRO 3.84TB Read Intensive NVMe PCIe 4.0 x4 HS 

SSD 

4 

C46P ThinkSystem 2U V4 8x2.5" NVMe Backplane 1 

C0JJ ThinkSystem M.2 RAID B540p-2HS SATA/NVMe Adapter 1 

BQ1Y ThinkSystem M.2 5400 PRO 480GB Read Intensive SATA 6Gb NHS SSD 2 

C1YK ThinkSystem SR650 V4/SR630 V4 x16 OCP Cable Kit 1 

BE4T ThinkSystem Mellanox ConnectX-6 Lx 10/25GbE SFP28 2-port OCP Ethernet 

Adapter 

1 

C4S2 ThinkSystem SR650 V4 Processor Board 1 

AURS Lenovo ThinkSystem Memory Dummy 16 

BPP5 OCP3.0 Filler with screw 1 

C7Y8 ThinkSystem SR650 V4 System I/O Board 1 

B8K8 ThinkSystem 2U MS 24x2.5" NVMe HDD Type Label1 1 

AUTQ ThinkSystem small Lenovo Label for 24x2.5"/12x3.5"/10x2.5" 1 

BZ7F ThinkSystem WW Lenovo LPK, Birch Stream 1 

5641PX3 XClarity Pro, Per Endpoint w/3 Yr SW S&S 1 

1340 Lenovo XClarity Pro, Per Managed Endpoint w/3 Yr SW S&S 1 

7DG6CTO1WW Server : ThinkAgile VX650 V4 1 

C68E ThinkAgile VX650 V4 24x2.5" Chassis 1 
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7DHYCTO1WW Controller : Lenovo ThinkSystem DG5200 QLC All Flash Array 1 

BF3C Lenovo ThinkSystem Storage 2U NVMe Chassis 1 

BWU8 Storage Complete Bundle Offering 1 

C4A5 Lenovo ThinkSystem DM/DG5200 Series Controller, 64GB 2 

C5RG Lenovo ThinkSystem 30.7TB (2x 15.36TB QLC NVMe SED) Drive Pack for 

DG5200/DG7200 8 

C4AA Lenovo ThinkSystem Storage 100Gb 2 port Ethernet, RoCE Adapter 

(Host/Cluster) 2 

AV1Z Lenovo 1m Passive 100G QSFP28 DAC Cable 2 

BY6K USB-A to USB-C Cable 1 

6400 2.8m, 13A/100-250V, C13 to C14 Jumper Cord 2 

C4AG Lenovo ThinkSystem Storage ONTAP 9.16 Software Encryption - IPAv2 1 

B0W2 5 Years 1 

C6S2 Premier 24x7 4hr Response and KYD 1 

C48U Configured with Lenovo ThinkSystem DG5200 1 

BWUE Storage Encryption Bundle License Key - RoW 2 

BWUC Storage Complete Bundle License Key 2 

C49B Lenovo ThinkSystem DM/DG Series Jupiter All Flash Ship Kit - Multi-Language 1 

B6Y6 Lenovo ThinkSystem NVMe Rail Kit 4 post 1 

C3HV Lenovo Logo nameplate 1 

C5H3 Lenovo ThinkSystem NVMe Jupiter Packaging 1 

C494 Lenovo ThinkSystem DG5200 Model Name Label 1 

B738 Lenovo ThinkSystem NVMe Accessory 1 

C9UY PESS mandatory not be enforced 1 

C8V9 7-segment LED cover Label 1 

B4E7 EIA NamePlate 1 

C48X Lenovo ThinkSystem DM/DG Jupiter 2U24 NVMe Bezel 1 

B6Y5 Lenovo ThinkSystem NVMe SFF Filler 8 

C498 Lenovo ThinkSystem Storage Controller 2U24 NVMe Agency Label 1 

C48W I/O Slot Cover 6 

5641PX3 XClarity Pro, Per Endpoint w/3 Yr SW S&S 1 

1340 Lenovo XClarity Pro, Per Managed Endpoint w/3 Yr SW S&S 1 

3444 Registration only 1 

7S0SCTOPWW ThnkSys DG5200 7DHY SWLicense 1 

SDJG Lenovo ThinkSystem DG5200 NVMe QLC Unified Complete SW License with 3 

Years Support, Per 0.1TB 2458 

    

5WS7C06772 5Yr Premier 24x7 4Hr Resp DG5200+KYD 1 

    

5WS7C07662 5Yr Premier 24x7 4Hr Resp+KYD (0.1TB NVme QLC) 2458 

    

5WS7C21108 4th & 5th Yr DG5200(245.76TB NVme QLC)Pack Unified Complete 1 
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Resources 

For more information, see the following resources: 

ThinkAgile Disaggregated Solution for VMware 

https://lenovopress.lenovo.com/lp2200 

ThinkAgile VX Series 

https://www.lenovo.com/us/en/servers-storage/sdi/thinkagile-vx-series/ 

https://lenovopress.lenovo.com/ds0104 

ThinkSystem DG Series  

https://lenovopress.lenovo.com/lp2074 

ThinkSystem DM Series 

Lenovo ThinkSystem DM Series Unified Storage Arrays 

ThinkSystem DE Series  

Lenovo ThinkSystem DE Series Storage Arrays 

ThinkSystem DS Series  

Lenovo ThinkSystem DS Series 

 

 

https://lenovopress.lenovo.com/lp2200
https://www.lenovo.com/us/en/servers-storage/sdi/thinkagile-vx-series/
https://lenovopress.lenovo.com/ds0104
https://lenovopress.lenovo.com/lp2074
https://lenovopress.com/lp0941-lenovo-thinksystem-dm-series-unified-storage-arrays
https://lenovopress.com/lp0940-lenovo-thinksystem-de-series-storage-arrays
https://lenovopress.lenovo.com/lp2296-lenovo-thinksystem-ds3200-ds5200-ds7200-and-ds5200c-flash-storage-array
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