Introduction to the Storage Systems Program

John Wilkes, Richard Golding Tim Sullivan and Carl Staelin

Computer Systems Laboratory Hewlett-Packard Laboratories

August 10, 1995

2

Storage Systems Program Mission

To make Hewlett-Packard storage systems :

fast easy to manage profitable

Commentary Mission

Our emphasis is on storage systems as a whole, rather than (say) on impr oving the performance of particular storage devices.

• fast is a necessary pr operty in a world wher e competitive storage devices are commodity items: it’s a “must have”;

• easy to manage is our main thr ust; you can also view this as a placeholder for things like highly available, r obust, scalable, etc.;

• profitable implies moving further up the value chain, away fr om the cutthroat manufacturing competition in disk devices. HP AutoRAID is one example of this—our intent is to continue this tr end, and help take HP further down this path.

4

Storage Systems Program Underlying trends

Much more storage

huge capacity increases increasing storage-device heterogeneity Fast network connections to storage devices Non-traditional data types as well as legacy data continuous media, images, hyper-documents Ubiquitous data shared across many applications data accessible anywhere, any time

Commentary Underlying tr ends

Storage capacity incr eases ar e driven by:

• existing impr ovements in device capacity (~60%/annum; curr ent tr ends suggest that the numbers of drives bought will rise only slowly to meet legacy-data needs) • new data types, including enormously mor e storage-intensive ones like continuous media (audio, video) and images—these will drive new capacity r equir ements and access pr operties • integration of legacy data (e.g. text, dbms) with new types in hyper - documents (cf. the WWW) Ubiquitous, universal data access will become the norm: people will expect to have access to the data they need wher ever they ar e. Given that businesses will stand or fall on the availability of their data, the level of r eliability expected will be that of the utility functions (power , water , phones).

6

Storage Systems Program High-speed-network-attached storage devices

Frees clients from I/O-scale limitations

• Pentium server can access same amount of storage as a T500

Performance >= locally-attached

• remote devices are just as fast as local

Network, not a bus

• devices shareable • “scaling for free” from network switches • data accessible from anywhere on the network

Deployment: imminent!

• FibreChannel first (late ‘95); ATM next? • can use a range of cost-effective technologies

Commentary High-speed-network-attached storage devices

The change to network-attached storage will be r evolutionary , not evolutionary . The biggest benefits come fr om lifting the connectivity and pr oximity limitations of SCSI:

• The need for a T500 simply to r each data will go away: a cheap, PCI-based 1Gb/s spigot will give even a lowly Pentium access to the entir e storage system.

• Access to r emote devices will be faster than to local ones, r eversing a tr end of the 1980s.

• FibreChannel networks will pr ovide scalable networks capable of connecting Petabytes worth of devices to hundr eds of clients.

We have a chance to capitalise on it if we act now—the early deployments (FibreChannel) will be happening in late 1995. Even when/if Fibr eChannel is replaced by A TM, the benefits will r emain.

8

Storage Systems Program Goal

Grand Unified Theosophical Storage:

network-attached, smart storage devices department- to enterprise-scale systems client — service — data-utility model

Commentary Goal

Our pr oposal is to capitalise on the tr ends we see, and develop a new storage architecture that is capable of meeting the demanding needs of late-1990s information systems and their clients:

• direct network-attach for storage to get connectivity and speed; • smart storage devices to exploit low-level device-specific knowledge, ease management pr oblems, and simplify building high-value services on top of commodity parts The initial tar get will be department- to enterprise-scale systems (e.g., HP-UX, cluster ed NT) because they will be most in need of (and r eceptive to) our solutions. However , we plan to aggr essively “trickle down” the technology to smaller -scale systems—both for economies of scale, and to exploit the lar ge market they represent. We envision the futur e as having a new thr ee-tier data-access model to r eplace the traditional client-server one: the next slides describe this.

10

Storage Systems Program Grand Unified Theosophical Storage

Theosophy , n.

Any of various philosophies professing to achieve a knowledge of God by spiritual ecstasy, direct intuition, or special relationships, especially a modern movement following Hindu and Buddhist teachings and seeking universal brotherhood._{— Concise Oxford Dictionary}

Commentary Grand Unified Theosophical Storage

This is, of course, the guts of our pr oposal …

12

Storage Systems Program The state of the world today

Clients

Front-end network

Servers

Services

Per-server , dedicated storage devices

Commentary The state of the world today

Clients talk Ethernet today , 100VG tomorr ow; they do data-captur e, user interface, and local data analysis (e.g., spr eadsheets). They range fr om portable PDAs through PCs to UNIX workstations. Clients talk to servers to get the information they operate on. These servers ar e typically lar ge, dedicated systems that r un applications to extract information from a formal or ad hoc database. Drawbacks include:

• few services ar e redundant;, so information availability is only good-to-moderate;

• adding a new application r equir es finding a server with spar e capacity and a copy of the needed data; this may mean adding a whole new (lar ge) server , and its own data copy;

• management is a nightmar e: every system is dif ferent.

14

Storage Systems Program Grand Unified Theosophical Storage (1)

Shared storage devices

Servers

High speed, dedicated back-end storage network: “scalability for free”

Services

Clients

Storage-utility interface

Commentary Grand Unified Theosophical Storage

In the first step towar ds the new world, decentralized information-access services take over fr om simple servers, to pr ovide functions like data mining, indexing, and decision-support. The services will be fully r edundant so that they can tolerate failur es of individual servers. This is made possible by putting the data accessed by the services into a common, shared pool of network-attached storage devices . (Remember: getting to these will be at least as fast as to local devices.) These devices will operate as a scalable storage utility —with all the r obustness and ubiquity this implies. Adding a new service simply means finding a server machine with spar e CPU capacity . To allow ef fective sharing and r esour ce management, the storage-utility interface level needs to be higher than block READ and WRITE. This is wher e we have an opportunity to add value behind the storage-utility interface, and raise the profitability of storage components.

16

Storage Systems Program System vision: beyond client-server computing

Clients: information presentation

user interface, data capture, analysis Services: information access and generation scalable systems; data mining; decision support “extracting information out of data” Storage-utility: data access and storage common, shared, storage pool performance, availability, ease of management high-performance network-connected devices

Commentary System vision: beyond client-server computing

A key distinction we ar e making is between data and information : the storage utility stor es and pr ovides raw data; the information services convert that into something useful. This separation avoids moving the entir e information-access problem down into the storage subsystem. The capabilities of the storage utility subsystem must include:

• scalable capacity and performance, including incr emental on-line upgrades;

• bulletpr oof data availability; • greatly impr oved manageability and ease of use.

Getting the best performance and r obustness fr om a scalable system of this size and complexity will have to be automated—it cannot be imposed on people.

18

Storage Systems Program Grand Unified Theosophical Storage (2)

Direct client access to storage network: “data for all”

Clients

Commentary Grand Unified Theosophical Storage

In the next step towar ds the new world, clients will be given dir ect access to the storage utility functions, bypassing the information services if they wish, and allowing them to do their own information mining. The main additional implication her e is a need for additional security . Before, the (trusted?) information services could be used to r estrict impr oper access; now , the storage utility has to do it itself.

20

Storage Systems Program GUTS goals

Fast

Easy to manage

Profitable

Commentary GUTS goals

Our goals her e are just the same as they wer e for the overall Storage Systems Program (and as they have been for the Storage Systems Pr oject for the last 2 years). The next few slides detail the implications of these goals in the context of our proposal.

22

Storage Systems Program GUTS goals

Fast:

high throughput — including continuous media guarantees

scalable across wide capacity range (GB to TB) and performance needs (100:1)

application-aware adaptations for performance

Commentary GUTS goals

The performance goals r equir e:

• high aggr egate thr oughput (with low latency , of course!) • guaranteed delivery for time-sensitive data like continuous media (this is not optional—”best ef fort” solutions will simply not be adequate) • these capacity and performance r equir ements mean that the system will eventually have to scale to hundr eds of storage devices • physics still limits the rate at which storage-device performance incr eases compar ed to pr ocessors—fundamentally , this can only be addr essed by exploiting application-specific information, so that the storage system can anticipate and plan for futur e accesses.

24

Storage Systems Program GUTS goals

Easy to manage:

self-healing: fault tolerant, highly available services

self-managing: express policies, not mechanisms

self-configuring: adjusts to workload; predicts capacity/performance bottlenecks

Commentary GUTS goals

The manageability goals r equir e:

• self-healing systems that do not need people in the critical path for of intervening to corr ect faults and fix failur es.

• self-managing systems that take as input declarative specifications of what the system is trying to achieve, not how it should be done (e.g., “the payr oll data needs to be utterly available; it is updated infr equently , although r ead often”, rather than “make two copies of these files, spr ead acr oss those thr ee disk arrays, and configur e them with RAID 5 data layouts and a stripe size of 64KB”) • self-configuring systems that adapt to the actual workload generated by the system’s clients, that can isolate curr ent performance bottlenecks, and that can pr edict futur e ones befor e they become a pr oblem—e.g., to enable sale-or -return solutions.

26

Storage Systems Program GUTS goals

Profitable:

superior value (ease of use, flexibility, scalability) premium price

commodity cost structures (exploiting standard parts) increased profitability

Commentary GUTS goals

Our pr ofitability model is that driving ISG’s r ecent moves into higher -value components like the HP AutoRAID array:

• higher customer value means pr emium price • commodity cost str uctur es means higher pr ofit We’d like to emphasize the latter: we believe completely in using of f-the-shelf, high-volume parts in every place we can. This means that we ar e only inter ested in innovating (and driving a new standar d) wher e we can make a significant valueadded contribution to HP’s storage systems business. (Note that this may still mean high-risk investments, and pr e-standar dization work on new interfaces in industry gr oups like NSIC, the National Storage Industry Consortium.)

28

Storage Systems Program Key research objectives

Remove technical obstacles to:

attribute-managed storage systems

mixed continuous-media and traditional data

scalable, distributed storage system

Commentary Key research objectives

We have prioritized what’s r equir ed to make all this r eal, and extracted thr ee focus areas for us to work on at HP Labs: 1. Attribute-managed storage is how we pr opose to solve the manageability problem (mor e on it below). 2. We believe that dedicated, specialized solutions like video-servers will fulfill short-term and/or niche market needs, and that the general-purpose solution of allowing arbitrary mixing and matching of storage demands to r esour ces will win the day . This objective is to pr ovide cost-ef fective continuous media solutions in a general-purpose framework. 3. Getting to a scalable, fault-tolerant system with hundr eds of nodes r emains a daunting technical challenge, even if we subset the pr oblem to the domain of storage systems. The next slides describe each of these in mor e detail.

30

Storage Systems Program Key research objectives

Attribute-managed storage systems Characterizations (especially performance and availability)

• storage devices • storage utilities (devices + service layer) • storage customers: applications, services

Mapping function

• capacity planning • performance, availability, cost, … • inter- and intra-device data placement

Commentary Key research objectives

Attribute-managed storage is our solution to the manageability pr oblem. The basic idea is to have clients to specify what they need, not how it is to be pr ovided. The technical pr oblems fall into the following main parts:

• how to specify what customers need(services, applications); • how to specify what devices can deliver (including when fr ont-ended by different pieces of softwar e, such as disk drivers);

• the mapping problem: how to map customer needs onto device capabilities;

this includes wher e and how to place data, taking into account performance, availability , cost, etc.;

• using tr end analysis and device capability information to identify and predict system bottlenecks befor e they occur .

32

Storage Systems Program Key research objectives

Mixed continuous-media and traditional data resource reservations and guarantees mixed continuous media and traditional data on the same devices data layouts for improved device utilization/efficiency [note: we plan to lift these, rather than develop them]

Commentary Key research objectives

Providing guaranteed performance for continuous media is itself a har d pr oblem. Fortunately , we can first solve it in a narr ow domain: the storage utility . Fundamentally , we need to use r esults fr om the r eal-time community to pr ovide predictable behavior . Challenges include finding ways to:

• specify resour ce reservations without r equiring too much prior knowledge from system- and application-builders.

• grant resour ces to data-movement, rather than pr ocesses • mix guaranteed accesses and r egular ones on the same devices • while optimizing data placement and scheduling for ef ficiency.

It is our hope that we can leverage much of the low-level portions of this work, rather than inventing all new stuf f, but the composition pr oblem is still a complex one.

34

Storage Systems Program Key research objectives

Scalable, distributed storage system

metadata management

• locking, naming, data-finding

distributed-resource optimization

• RAM, disk spindles, other devices

• load balancing

caching, replication, redundancy

Commentary Key research objectives

Contr olling a hundr ed-node computer system is a daunting task. Fortunately , ther e’s a huge amount of prior work in this ar ea, and the main task is to choose between the options, rather develop new solutions. W e’ve chosen to split the problem into:

• metadata management: metadata is internal information about wher e data is stor ed and its state (naming, location, and locking)—separating it fr om the distributed data management pr oper will be a major simplification, we believe;

• exploiting the pool of storage devices as a single r esour ce, across which transpar ent load-balancing can be done;

• exploiting caching and r edundancy (including r eplication) to meet performance and availability goals.

36

Storage Systems Program Research partners and idea sources

Universities

• CMU/Garth Gibson and the Parallel Data Lab (also NSIC?):direct network-connected smart storage devices

• UC Berkeley/theNOWproject and Univ. of Washington/Hank Levy:

distributed metadata, and RAM-cache management

• University of Arizona: Scout OS

IEEE Mass Storage Systems reference model

• Virtual Storage Layer: an example of attribute-managed storage

• ISG SSSI storage architecture: a refinement of the IEEE MSS model

HP Labs

• DataMesh; VOD project-Alfred hardware; Future Systems Dept.

performance modelling; Hamlyn interconnect protocols

Commentary Research partners and idea sources

The intent her e is to list some key partners for our r esear ch agenda’s success. The idea you should get is that we plan to leverage ideas fr om elsewher e wher ever we can, and only innovate wher e we have to! Her e’s a couple of highlights:

• Garth Gibson at CMU has (independently) pr oposed to do almost exactly what we ar e advocating; IBM, DEC, and Seagate have alr eady expr essed strong inter est thr ough NSIC. Our hope is that this will enable us to collaborate on pr e-competitive, pr e-standar dization r esear ch.

• The IEEE MSS Virtual Storage layer is close to what we ar e proposing as the first-cut interface to the storage utility pool; the SSSI storage ar chitectur e is a refinement that we developed on behalf of ISG.

• Our prior HPL r esear ch work in these ar eas means that we ar e as well positioned to succeed as any r esear ch pr oject in the world, if we can only fix our r esour ce crunch.