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Resource  Configuration/ Hibernation 

Safety:           mostly safe
Opportunity:   devices with different hibernation levels and associated

wake-up / energy savings tradeoffs (e.g.: communication card, 
disk, cache lines, memory blocks, ... )

Profitability:   energy reductions up to 20% (802.11b/iPAQ,
over OS approach), and up to 89% (disk)

Goal: Reduce power/energy by dynamically hibernating 
resources not required by the application  

(dynamic power management)

Lecture 7 2

Requires interactions between compiler and OS in multi-programming 
environment.
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Hibernation Issues

Lecture 7 3

direct de-activation pre-activation

single hibernation level
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Hand-held / Lap-top with Local Disk 

disk
. . . . . .

chunk[i]

i = 1;
while  i <= N {

read chunk[i] from file
compute on chunk[i];
i := i + 1;

}

[PACT 02]

Lecture 7 4
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Hand-held / Lap-top with Local Disk 

disk

buf

. . . . . .

. . .. . .

chunk[i]

i = 1;
while  i <= N {

read chunk[i] into buf
compute on buf;
i := i + 1;

}

[PACT 02]

Lecture 7 5

chunk size = buf size

compiler generated:
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disk

newbuf

. . . . . .
chunk[j]

i = 1;
while  i <= N {

k = 1; 
for j = i to i + #chunks 

read chunk[j] into newbuf[k]
for k = 1 to i + #chunks

compute newbuf[k]
i := j + 1;

}

Lecture 7 7
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disk

buf

. . . . . .
chunk[i]

i = 1;
while  i <= N {

eelread chunk[i] into buf
compute on buf;
i := i + 1;

}

eelbuf

Lecture 7 9
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Basic Compilation Strategy

Current Algorithm Outline

Compiler (1) User annotates file descriptors where buffering 
should be performed

(2) Compiler propagates file attributes through program 
and replaces calls to I/O operations by calls to 
EEL library I/O operations (currently read, lseek)

eelread (1)  preserves the semantics of original read
(2) measures the performance characteristics of the disk

through user-transparent runtime profiling
(3) allocates and manages buffer of appropriate size
(4) notifies OS about expected idle times of disk 

Lecture 7 14

[PACT 02]

Hand-held / Lap-top with Local Disk 
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Benefit Analysis

q Fujitsu Disk, 6 Gbyte, 4200 rpm, ATA-5 interface,
has four power states (active, idle, standby, sleep)

q OS supports different device management policies:
- Energy-Oblivious (EO)
- Fixed-Thresholds (FT)
- Direct Deactivation (DD)
- Pre-Activation (PA) 
- Combined DD + PA (CO)

q physical measurements for disk energy consumption
for three applications: MP3 player, MPEG player,
and sftp

Results: - disk energy savings in the range of 55% - 89%
- hand-modified and compiler nearly identical quality

Lecture 7 15

Hand-held / Lap-top with Local Disk 
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MP3 player

compiler

Lecture 7 16

Hand-held / Lap-top with Local Disk 
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MPEG player

compiler

Lecture 7 17

Hand-held / Lap-top with Local Disk 



cs516, spring 20 © U.Kremer

sftp

compiler

Lecture 7 18

Hand-held / Lap-top with Local Disk 
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Hand-held / Lap-top with Local Disk 

Summary

• Restructuring the code by introducing buffering can be very 
effective to increase idle times of devices, allowing deeper and more
frequent hibernation as directed by the OS.

• Restructuring alone even without hints to the OS has significant 
benefits.

• Compiler technology is able to produce energy/performance outcomes
nearly identical to hand-modified code.
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Remote Task Execution

Safety:         Sophisticated compile-time analyses    
Opportunity: Mobile applications that contain tasks 

with small to moderate data exchange 
between them 

Profitability: Up to one order of magnitude (10x) on
image understanding application (TourGuide)
running on Skiff and iPAQ (StrongARM)

Goal: Save energy on mobile device by off-loading 
computation to remote host

[LCPC 01]

Lecture 7 20
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A Face Detection and Recognition System

q Developed at Compaq’s Cambridge Research Laboratory (CRL)
q Input: uncompressed B/W image; output: answer string 
q Approx. 6000 lines of C code
q Runs  under Linux on x86 and StrongARM
q Contains fixed-point “package” for efficient floating-point  

emulation on StrongARM
q Face data base contains 21 individuals (3x7). Each individual

is represented by 480 16x16pixel images (10 originals + shifts)
640x480  (320x320)

Ulrich Kremer: match distance 192
Lecture 7

21
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Basic Compilation Strategy

Remote execution thread

Remote entry point

Lecture 7 22
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Basic Compilation Strategy (Cont.)

Remote execution thread

Remote entry point

Lecture 7 23
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Benefit Analysis: Skiff V2

• 233MHz SA110 + 21285 corelogic,
16KB I-cache, 16KB D-cache (L1)

• 48MHz 32MB SDRAM, 8MB Flash,

• 10Mbps Ethernet, USB, serial port

• Controllers: USB, PC-Card, Ethernet

• Voltage Regulators: 2V, 3.3V, 5V

q Here: “mobile” Linux box, single user environment
q Separate power planes: 2V, 3.3V, 5V
q simple RISC, blocking loads, non-blocking cache-line fills 
q No dynamic voltage or frequency scaling
q No floating-point unit

Lecture 7 24
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Experiment: Execution times using different remote threads
indicate potential energy savings.

- communication times based on read/write to files (NFS)
- communication through Compaq’s Wireless 11Mbps LAN card
- does not consider hibernation of mobile client machine 

Potential energy savings
due to execution time
reductions (speed-up):

Skiff & PII :   9.9x
Skiff & PIII: 13.9x
PII & PIII:      1.5x

(no hibernation!)

Lecture 7 25

Benefit Analysis: Skiff V2
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Energy consumption of the four remote execution threads without
hibernation; stand-alone version without wireless LAN card.

Energy in
Joules Potential energy 

savings:

Skiff & PII :   7.4x
Skiff & PIII: 10.0x
PII & PIII:     30%

(wireless always on/off)

Lecture 7 26

Benefit Analysis: Skiff V2
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Benefit Analysis: iPAQ H3650

• 206MHz SA1110, dynamic
frequency scaling 59MHz - 206MHz
16KB I-cache, 8KB D-cache (L1)

• 66MHz 32MB SDRAM, 16MB Flash

• USB and serial port through cradles;
PCMCIA and Compact flash through
sleeves; light sensor, microphone,
thin film transistor (TFT) color display

• 940mAh lithium polymer battery (12 hours)

q Here: “mobile” Linux box, single user environment
q 5V supply voltage, CPU 2V
q simple RISC, blocking loads, non-blocking cache-line fills 
q Dynamic frequency scaling, but no dynamic voltage scaling
q No floating-point unit

Lecture 7 27



cs516, spring 20 © U.Kremer

Experiment: Execution times using different remote threads
indicate potential energy savings.

- communication times based on read/write to files (NFS)
- communication through Lucent’s Wireless 11Mbps LAN card
- does not consider hibernation of mobile client machine 
- power distribution: system 1.25W, PC card 0.95W, display off

Potential energy savings
due to execution time
reductions (speed-up):

15.3x
(no hibernation!)

Potential energy savings 
with wireless card on/off:

8.6x0
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iPAQ & PIII
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Benefit Analysis: iPAQ H3650


