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Administrative

 MP3 going on
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Media Server Architecture 

Storage device

Disk controller
Storage management 

File System

Memory Management (MaxBuf, MinBuf Policy
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Batching)
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Outline
 Multimedia File Server/System Organization

 Example of Early Media Server – Medusa

 Example of Multimedia File System – Symphony

 Example of Industrial Multimedia File 
System – Google File System  
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Constant and Real-time Retrieval of 
MM Data
 Retrieve index in real-time
 Retrieve block information from FAT
 Retrieve data from disk in real-time 
 Real-time playback 

 Implement linked list

 Random seek (Fast Forward, Rewind)
 Implement indexing

 MM File Maps 
 include metadata about MM objects: creator of video, 

sync info
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Fast Forward and Rewind
(Implementation) 
 Play back media at higher rate

 Not practical solution

 Continue playback at normal rate, but skip 
frames
 Define skip steps, e.g. skip every 3rd, or 5th frame
 Be careful about interdependencies within MPEG frames

 Approaches for FF: 
 Create a separate and highly compressed file
 Categorize each frame as relevant or irrelevant
 Intelligent  arrangement of blocks for  FF
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Presenter
Presentation Notes
7.5.1 VCR Control Functions
Most video servers also implement standard VCR control functions, including pause, fast forward, and rewind. Pause is fairly straightforward. The user sends a message back to the video server that tells it to stop. All it has to do at that point is remember which frame goes out next. When the user tells the server to resume, it just continues from where it left off.
However, there is one complication here. To achieve acceptable performance, the server may reserve resources such as disk bandwidth and memory buffers for each outgoing stream. Continuing to tie these up while a movie is paused wastes resources, especially if the user is planning a trip to the kitchen to locate, microwave, cook, and eat a frozen pizza (especially an extra large). The resources can easily be released upon pausing, of course, but this introduces the danger that when the user tries to resume, they cannot be reacquired.
True rewind is actually easy, with no complications. All the server has to do is note that the next frame to be sent is 0. What could be easier? However, fast forward and fast backward (i.e., playing while rewinding) are much trickier. If it were not for compression, one way to go forward at 10x speed would be to just display every 10th frame. To go forward at 20x speed would require displaying every 20th frame. In fact, in the absence of compression, going forward or backward at any speed is easy. To run at k times normal speed, just display every k-th frame. To go backward at k times normal speed, do the same thing in the other direction. This approach works equally well for both pull servers and push servers.
Compression makes rapid motion either way more complicated. With a cam-corder DV tape, where each frame is compressed independently of all the others, it is possible to use this strategy, provided that the needed frame can be found quickly. Since each frame compresses by a different amount, depending on its content, each frame is a different size, so skipping ahead k frames in the file cannot be done by doing a numerical calculation. Furthermore, audio compression is done independently of video compression, so for each video frame displayed in high-speed mode, the correct audio frame must also be located (unless sound is turned off when running faster than normal). Thus fast forwarding a DV file requires an index that allows frames to be located quickly, but it is at least doable in theory.
With MPEG, this scheme does not work, even in theory, due to the use of I-, P-, and B-frames. Skipping ahead k frames (assuming that can be done at all), might land on a P-frame that is based on an I-frame that was just skipped over. Without the base frame, having the incremental changes from it (which is what a P-frame contains) is useless. MPEG requires the file to be played sequentially.
Another way to attack the problem is to actually try to play the file sequentially at 10x speed. However, doing this requires pulling data off the disk at 10x speed. At that point, the server could try to decompress the frames (something it normally does not do), figure out which frame is needed, and recompress every 10th frame as an I-frame. However, doing this puts a huge load on the server. It also requires the server to understand the compression format, something it normally does not have to know.
The alternative of actually shipping all the data over the network to the user and letting the correct frames be selected out there requires running the network at 10x speed, possibly doable, but certainly not easy given the high speed at which it normally has to operate.
All in all, there is no easy way out. The only feasible strategy requires advance planning. What can be done is build a special file containing, say, every 10th frame, and compress this file using the normal MPEG algorithm. This file is what is shown in Fig. 7-0 as ''fast forward.'' To switch to fast forward mode, what the server must do is figure out where in the fast forward file the user currently is. For example, if the current frame is 48,210 and the fast forward file runs at 10x, the server has to locate frame 4821 in the fast forward file and start playing there at normal speed. Of course, that frame might be a P- or B-frame, but the decoding process at the client can just skip frames until it sees an I-frame. Going backward is done in an analogous way using a second specially prepared file.
When the user switches back to normal speed, the reverse trick has to be done. If the current frame in the fast forward file is 5734, the server just switches back to the regular file and continues at frame 57,340. Again, if this frame is not an I-frame, the decoding process on the client side has to ignore all frames until an I-frame is seen.
While having these two extra files does the job, the approach has some disadvantages. First, some extra disk space is required to store the additional files. Second, fast forwarding and rewinding can only be done at speeds corresponding to the special files. Third, extra complexity is needed to switch back and forth between the regular, fast forward, and fast backward files.




Block Size Issues in File Organization 
 Small Block Sizes 

 Use smaller block sizes, smaller than average frame size

 Organization Strategy: Constant Time Length
 Need Metadata structure, called Frame Index

 Frame means a time frame within a movie 
 Under the time frame read all blocks (audio, video, 

text) belonging to this time frame
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Block Size Issues
 Large Block Size

 Use large blocks (e.g., 256 KB) which include multiple 
audio/video/text frames

 Organization Strategy: Constant Data Length
 Need Metadata structure, called Block Index

 Each block contains multiple movie frames
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Tradeoffs

 Frame index : needs large RAM usage while 
movie is playing, however little disk wastage

 Block index (if frames are not split across 
blocks): need low RAM usage, but major disk 
wastage – internal disk fragmentation

 Block index(if frames are split across blocks): 
need low Ram usage, no disk wastage, extra 
seek times
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Source: Medusa (Parallel Video Servers), Hai Jin, 2004

Example of Media  Server Architecture
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Example Multimedia File System (Symphony)

 Source: P. Shenoy et al, “Symphony: An 
Integrated Multimedia File System”, SPIE/ACM 
MMCN 1998

 System out of UT Austin
 Symphony’s Goals: 

 Support real-time and non-real time request
 Support multiple block sizes and control over their 

placement
 Support variety of fault-tolerance techniques
 Provide two level metadata structure that all type-

specific information can be supported
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Design Decisions
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Two Level Symphony Architecture

Resource Manager: 
• Disk Schedule System (called Cello)  that uses modified SCAN-EDF for RT 
Requests and C-SCAN for non-RT requests as long as deadlines are not violated
• Admission Control and  Resource Reservation for scheduling 
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Disk Subsystem Architecture

Service Manager : supports mechanisms for efficient scheduling of best-effort, 
aperiodic real-time and  periodic real-time requests
Storage Manager: supports mechanisms for allocation and de-allocation of blocks
Of different sizes and controlling data placement on the disk
Fault Tolerance layer: enables multiple data type specific failure recovery techniques
Metadata Manager: enables data types specific structure to be assigned to files
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Cello Disk Scheduling 
Framework

Source:  Prashant Shenoy, 2001
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Class-Independent Scheduler

Source: Prashant Shenoy, 2001 CS 414 - Spring 2014



Class-Specific Schedulers
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Validation: Symphony’s scheduling 
system (Cello)

Source: Shenoy Prashant, 2001
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Buffer Subsystem 

 Enable multiple data types specific caching 
policies to coexist

 Partition cache among various data types and 
allow each caching policy to independently 
manage its partition

 Maintain two buffer pools: 
 a pool of de-allocated buffers 
 pool of cached buffers. 

 Cache pool is further partitioned among various caching policies
 Examples of caching policies for each cache buffer: LRU, MRU.
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Buffer Subsystem (Protocol) 

 Receive buffer allocation request
 Check if the requested block is cached. 

 If yes, it returns the requested block
 If cache miss, allocate buffer from the pool of de-allocated buffers and 

insert this buffer into the appropriate cache partition

 Determine (Caching policy that manages individual 
cache)  position in the buffer cache
 If pool of de-allocated buffers falls below low watermark, buffers are 

evicted from cache and returned to de-allocated pool
 Use TTR (Time-To- Reaccess) values to determine victims 

 TTR – estimate of next time at which the buffer is likely to be accessed
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Video Module

 Implements policies for placement, retrieval, 
metadata management and caching of video data

 Placement of video files on disk arrays is governed 
by two parameters: block size and striping policy. 
 supports both fixed size blocks  (fixed number of bytes) and 

variable size blocks (fixed number of frames)
 uses location hints so as to minimize seek and rotational latency 

overheads

 Retrieval Policy: 
 supports periodic RT requests (server push mode) and aperiodic 

RT requests (client pull mode)
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Video Module (Metadata Management)  
 To allow efficient random 

access at byte level and 
frame level, video module 
maintains two-level index 
structure
 First level of index , 

referred to as frame map, 
maps frame offset to byte 
offset

 Second level, referred to as 
byte map, maps byte offset 
to disk block locations
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Google File System (Big Table)

Wikipedia:GFS
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Google File System  
 Files divided into fixed size big chunks of 64 

Mbytes
 Chunk servers
 Files are usually appended to or read
 Run on cheap commodity computers
 High failure rate
 High data throughputs and cost of latency
 Two types of nodes

 Master node and large number of chunk servers. 

 Designed for system-to-system interaction

The Google File System: Sanjay Ghemawat, Howard Gobioff, and Shun-Tak Leung, Google, SOSP '03



Big Table 
 High-performance data storage system 
 Built on top of 

 Google File System 
 Chubby Lock Service
 SSTable (log-structured storage)

 Supports systems such as 
 MapReduce
 YouTube
 Google Earth
 Google Maps
 Gmail



Spanner 
 Successor to Big Table 
 Globally distributed relational database 

management system (RDBMS)
 Google F1 – built on top of Spanner 

(replaces MySQL)

Corbett, James C; Dean, Jeffrey; Epstein, Michael; Fikes, Andrew; Frost, Christopher; Furman, JJ; Ghemawat, Sanjay; Gubarev, 
Andrey; Heiser, Christopher; Hochschild, Peter; Hsieh, Wilson; Kanthak, Sebastian; Kogan, Eugene; Li, Hongyi; Lloyd, 
Alexander; Melnik, Sergey; Mwaura, David; Nagle, David; Quinlan, Sean; Rao, Rajesh; Rolig, Lindsay; Saito, Yasushi; 
Szymaniak, Michal; Taylor, Christopher; Wang, Ruth; Woodford, Dale, "Spanner: Google’s Globally-Distributed 
Database", Proceedings of OSDI 2012 (Google), retrieved 18 September 2012.

http://static.googleusercontent.com/external_content/untrusted_dlcp/research.google.com/en//archive/spanner-osdi2012.pdf


Conclusion 
 The data placement, scheduling, block size 

decisions, caching, concurrent clients support, 
buffering, are very important for any media 
server design and implementation. 

 Huge explosion in media storage-cloud storage 
 Similar software – Apache Cassandra, Hadoop, 

Hypertable, Apache Accumulo, Apache Hbase, …

 Next Lecture – we discuss P2P 
Streaming 
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Symphony Caching Policy 

 Interval-based caching for video module 
 LRU caching for text module
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