        Storage services

requirement to support:

* program/document storage, development

  email, naming directories
  web, newsgroups

* application-level services
  databases, CAD

* integration of new media
    continuous media: audio, video

* ubiquitous environments
   storing applications to run on home systems

* mobile users - detached operation
    copy, disconnect, reconnect

* application/system program-load and
  run-time data access

                                              S-1

    need Quality-of-Service QoS guarantees

* new services
    e.g. indexing and retrieval support
         over different media

* composite documents
    with components of different media types

* linking related information across files

    servers may be dedicated e.g. VOD

   Storage in a Distributed System

  consider a single domain:

 C clients
 of storage
 services

 S storage
 services

                    network

              C C C

              S S S

                       .....

                       ......

clients may not have local discs:
       V system
       network computer

client local discs:
       for private system (local desktop - Xerox)
       part of shared filing system - Unix mount
       cached files only?
       system files for bootstrapping?

                                           S-2

 Storage service functionality

     is it bound into a single OS model
     e.g. single pathname format?

* distribution of functionality

   - storage and retrieval of data
   - name resolution (directory service)
   - access control
   - existence control (garbage collection)
   - concurrency control

    is the service responsible for managing:

    - multiple cached copies of a file?
    - replicas of a file (replicated for reliability)

    or are these application-level concerns?

* level of interface

   - remote blocks

                                             S-3

   - remote UID-named files

   - remote path-named files

     minimal overhead at server
     client system does block layout?

     server does block layout - more overhead

     bound into a single OS

 * caching and replication

 * open or closed?

a)closed architecture

       clients

     directory
    service (DS)

    file storage
      service

                  OS interface

                        arbitrary
                        byte-sequences

                        named blocks
                 the OS may interact with
                the remote storage service
                      at either level

 b)open architecture

              file storage service

   clients
   of OS-A

  directory
  service-A

               clients
                of OS-B

                DS-B email DBMS

                                       persistent
                                       programming
                                        language

                 public interface

                                                S-4

                                                     S-5

 remote interface at file-level

 open (pathname,mode)

        directory
         service

      SFID

                 OK

                     handle
                 (small integer
                    or SFID)

                                read (handle, bytes)

                             handle

                              SFID

                                                         bytes

                   remote storage service

                                          cache
user
 OS

SFID = system file-identifier

         1

                   2

                                3 4

           this interaction may not take place
           if the remote service is stateless

                                               S-6

operations in remote interface

    SFID create
               delete (SFID)       ?
               read   (SFID,range)
               write  (SFID,range)
               lock   (SFID)       ?
               open   (SFID)       ?
               close  (SFID)       ?

              ? depend on design decisions

Does the server hold state?

* NO specified as stateless e.g. NFS

      - simple crash recovery

      - can’t help with concurrency control
      - can’t help with cache management
        (have to ask for time-last-modified)

 * YES - supports open/close
          holds who has files open/mode

        - crash recovery - need to interact with
          clients to rebuild state

        - concurrency control
          exclusive or shared lock
          better than write or read locks

Existence control

* storage service at file level can’t help
  (doesn’t see naming graphs)

* a directory service (multiple instances?)
  can do existence control for its own objects
  OK for a closed architecture

* what about
    - objects shared by different systems?
      (e.g. video clip in document)
    - objects not stored in directories?

 * lost object problem
        SFID create (...)
        reaches client’s main memory only
                 - crash -
 * consider a "touch" operation in storage service
   untouched files deleted (archived)

  * Cambridge File Server (ref paper 1980)
        - open
        - minimal support for structure
          without enforcing path-naming

                                                 S-7

CFS - the Cambridge File Server

developed as part of
the Cambridge Distributed Computing System (CDCS)
in the late 1970’s and used as the Lab’s research
environment through the 1980’s

 CFS provides:
    two primitive types: byte and UID

    two abstractions:
        file - an uninterpreted sequence of bytes
               named persistently by a PUID
               with a random component

        index - a sequence of PUIDs
                itself named by a PUID

 * existence control:

   indexes form a general naming network starting from
   a specific root index

   objects are preserved while they are reachable from
   the root

   - reference counts are used - the number of times
     a UID is preserved in an index and
   - an asynchronous garbage collector is used for cyclic
     structures

Indexes are used by CFS’s clients to mirror their
   directory structures

 * concurrency control - just MRSW

     open -  a TUID is issued as a handle
                and the PUID locked
     TUIDs   are timed out, 15 mins, reset on access
     close - release PUID lock

    all index operations are failure atomic
    (all or nothing is done)

                                       S-8

                          root
root contains UIDs
of root directories
of registered
client systems

         Tripos root CAP root research root

                       ..........
                            to
                         indexes
                        and files

                                      PUID of root held secret
                                      within CFS

                                      PUID of Tripos etc
                                      held also by Tripos etc

            CFS index structure

                                        S-9

          some CFS operations

object-ID = file or index ID
PUID = permanent/preserved ID for closed object
TUID = transient ID for open object

open [object-ID, {read/write}] -> TUID
close [TUID, {commit,abort}] -> commit/abort

create-index [existing index-ID, entry] -> index-ID
preserve [index-ID, entry, object-ID] -> done
retrieve  [index-id, entry] -> object-ID
delete [index-ID, entry] -> done
NOTE - no delete index - garbage collection

create-file [index-ID, entry, ... ] -> file-ID
read [file-ID, offset, length]  -> data
write [file-ID, offset, length, data] -> done

NOTE - no delete file - garbage collection

                                                 S-10