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Context

¥ Multi-room, multi-tuner, High Definition (HD) capable, entertainment 
systems
Ð Main set-top-box box equipped with an HDD act as server for diskless boxes 

over a home network
¥ Multiple simultaneous recordings & playback or streaming on main box
¥ Increasingly HD only content 
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Living Room
Bedroom KitchenKidÕs Room

Multiple HD tuners
(usually up to 4)

High Definition Satellite, Cable, Over-the-air source

Home Cable Wiring, PLC, É Client boxes

HDTV
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Requirements

¥ Such systems require high performance disk request processing (file 
system & I/O scheduler)

Ð Increased disk workload
¥ Higher per-stream bit rate and higher number of streams that must be processed 

simultaneously

Ð Strong quality of service (QoS) requirements
¥ Loss-less, in time, video stream I/O execution while handling best-effort disk 

accesses (EPG, etcÉ)

¥ While at the same time, power consumption should be reduced
Ð Lower usage costs and quieter

¥ Less heat dissipation lowers operating temperature, allowing suppressing fans

Ð Lower building & operation costs
¥ Lower requirements on power supply & cooling lead to lower hardware costs
¥ Lower operating temperature allows the disk to operate within specification, 

lowering failure rates

Ð Also, compliance to increasingly severe [mandatory] standards (Energy Star, 
É), positive product image (greenness), É
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Problems

¥ Use of general purpose file systems & disk I/O schedulers raise various 
problems

Ð Often low performance levels without QoS guarantees for real-time accesses
Ð High workload processing leads to high disk utilization rates

¥ Increased power consumption, operating temperatures, etcÉ

¥ Traditional power consumption reduction methods using disk idling (spin 
down) cannot easily be applied

Ð Limited amount of memory prevents sufficient data buffering
¥ Disk cannot be spun down without impacting on video quality
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Approach

¥ These 2 goals are not as incompatible as it seems: considering that
Ð Increased seek distance between disk I/O requests degrades performance
Ð Variations of disk power consumption mainly due to amount of seek between 

requests 
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Both performance improvements and power consumption reduction can be 
achieved by reducing seek overhead 

This is (mainly) a disk scheduling problem 
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¥ Disk I/O processing time can be roughly split into 3 components
Ð Queuing time: time spent in scheduling queue, depends on scheduling 

policy
Ð Seek time and rotational latency: depend on the relative position on disk of 

consecutive requests
Ð Data transfer time: depends on request position on disk

¥ Traditionally, disk I/O schedulers address only 2 types of workload
Ð Interactive applications : Minimization of I/O processing delay to improve 

application response time
¥ Lower queuing time eventually at the expense of non-optimal seek time

Ð File transfer applications (FTP, É): Maximization of disk throughput
¥ Higher queuing time to improve seek time

¥ Real-time applications require also on-time processing of requests to 
guarantee quality of service, that is
Ð Queuing time is irrelevant as long as request deadline misses are avoided

Disk I/O Scheduling

Request deadline driven increase of queuing time can be used to accumulate 
requests to reduce average seek distance between requests
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AVFS: File System & I/O Scheduler
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AVFS Traffic Mixer

Processing time Estimation

AVFS

Application Layer

Best -effort C -SCAN

Operating System block device I/O functions

Standard File System

Real-time EDF / C -SCAN
RT Batch

Control (timer)

Traffic Mixer

¥ I/O scheduler combining a real-time (RT) scheduler with a more 
traditional policy for best-effort (BE) request processing

Ð Real-time request batching (increased queuing time)
¥ Delay control based on request service time estimation and request deadlines

Ð Traditional scheduling of best-effort requests using C-SCAN policy
¥ Try to minimize response time (lowest queuing delay), without affecting the timing 

of RT request batch execution
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RT Request Batch Control Principle

¥ Request service time estimation and request deadline gives the longest 
possible delay for a set (batch) of RT requests

Ð That is, the maximum time H that a request processing can be delayed 
without missing its deadline

¥ Assuming a single RT request:

Request
deadline

Estimated
service

time TS(R)

Current
time

Optimal Request
start time

Hold time H

time

¥ As long as H > 0, the batch of RT requests can be delayed without 
causing deadline misses

Ð While waiting for the next RT request batch start time, a pending BE request 
can be executed as long as its service time is lower than H

Interval used to 
schedule BE 

requests

Margin
m
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Service time = seek time + rotational latency + data transfer time

¥ Based on a simple disk model where:

Ð Assumes constant seek time equal to HDD average seek time
Ð Assumes constant rotational latency equal to the HDD average latency (half 

a rotation time)
Ð Assume linear variation of data transfer time depending request start LBA
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RT Request Service Time Estimation
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¥ The service time TS(R) of a RT request R is estimated as:

¥ Where:
Ð S(R): size of request R
Ð L(R): starting LBA of request R
Ð Tr: rotational period. Tr/2 is thus the average rotational latency.
Ð Tk: average seek time
Ð Dtmax: maximum transfer speed
Ð Dtmin: minimum transfer speed
Ð Lmax: largest LBA 
Ð *: equal to 0 if R is sequential to the previous request, 1 otherwise



Total estimated processing time
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RT Request Batch Control

¥ For a batch of multiple RT requests, the total service time is estimated as 
the sum of all requests service time estimate assuming a C-SCAN 
processing order

¥ H is then calculated as the minimum of each request Rj deadline TD(Rj)
minus the cumulated service time of preceding requests (in C-SCAN 
order) 
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¥ STB simulation on general purpose PC-type hardware using actual video 
files

Ð Disk used similar to recent STB models: 500 GB SATAII disk, 16 MB cache, 
72000 rpm (2 platters, 4 heads)

Ð MPEG2 ATSC HD video streams (19.3 Mbps) with 4 MB buffer (1.7 second 
of video)

¥ AVFS traffic mixer used in combination with Linux ext3, JFS and AVFS 
file system

Ð Same experiments (same set of files used) performed also with Linux cfq and 
anticipatory scheduler for comparison

¥ HDD power consumption measured by probing current and voltage of the 
disk power supply lines (5V and 12V lines) 4 times per second

Ð Precision of the measurements estimated -0.05 W

Evaluation Results
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¥ Seek distance distribution for 4 playback streams of MPEG2 ATSC (19.3 
Mbps HD video)

Ð Traffic mixer shows lower seek distances in average

Evaluation Results: Seek Distance
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¥ Lowered average seek distance reduces disk utilization rate

Evaluation Results: Disk Utilization Rate
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¥ Higher (active) idle time leads to lower power consumption
Ð Between 9.6 % and 21 % reduction depending on the workload applied

Evaluation Results: Power Consumption
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Concluding Remarks

¥ AVFS traffic mixer batching of RT requests succeeds in reducing seek 
time overhead, leading to lower disk utilization rates

¥ In turn, a higher (active, disk spinning) idle time of the disk lowers power 
consumption while preserving performance & QoS

Load
(number of 
streams)

Minimum 
power

(traffic mixer)
(W)

Maximum
power

(cfq, anticipatory)
(W)

Absolute 
Reduction

(W)

Relative
Reduction

(%)

2 4.986 5.52 0.534 9.6%

4 5.189 5.99 0.801 13.3%

6 5.403 6.527 1.124 17.2%

8 5.551 7.056 1.505 21.33%
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Concluding Remarks

If ( H > threshhold )
spin down disk

Disk spin up timeDisk power off
(disk spin up ) Request

deadline

Estimated
service

time TS(R)

Current
time

Optimal Request
start time

Hold time H

time

Margin
m

¥ AVFS traffic mixer hold time H directly indicates the time the disk must 
start processing request, that is, the disk must be ready (idle spinning 
state)

Ð If H is large enough (i.e. enough data is buffered), the disk can be spun down 
to further improve energy savings.

Ð Even with limited memory, an STB application can assign very large buffers 
to streams under very low workloads (1~2 streams of HD video), leading to 
larger H values



Power Efficient Real-Time Disk Scheduling

Thank you. Questions ?

19th International Workshop on Network and Operating Systems Support for Digital Audio and Video (NOSSDAV 2009)
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