
(12) United States Patent 
Shye et a]. 

US008683242B2 

US 8,683,242 B2 
Mar. 25, 2014 

(10) Patent N0.: 
(45) Date of Patent: 

(54) 

(75) 

(73) 

(*) 

(21) 

(22) 

(65) 

(60) 

(51) 

(52) 

(58) 

SYSTEM AND METHOD FOR LEVERAGING 
HUMAN PHYSIOLOGICAL TRAITS TO 
CONTROL MICROPROCESSOR 

FREQUENCY 

Inventors: Alex Shye, Evanston, IL (US); Yan Pan, 
Evanston, IL (US); Benjamin 
Scholbrock, Evanston, IL (US); J. Scott 
Miller, Chicago, IL (US); Gokhan 
Memik, Evanston, IL (US); Peter A. 
Dinda, Evanston, IL (US); Robert P. 
Dick, Chelsea, MI (US) 

Assignee: Northwestern University, Evanston, IL 
(Us) 

Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 729 days. 

Appl. N0.: 12/796,887 

Filed: Jun. 9, 2010 

Prior Publication Data 

US 2010/0313048 A1 Dec. 9,2010 

Related US. Application Data 

Provisional application No. 61/185,372, ?led on Jun. 
9, 2009. 

Int. Cl. 

G06F 1/32 (2006.01) 
G06F 1/26 (2006.01) 
G06F 1/08 (2006.01) 
US. Cl. 

USPC ......... .. 713/320; 713/300; 713/310; 713/321; 
713/322; 713/323; 713/324 

Field of Classi?cation Search 
None 
See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,148,408 A 
6,526,159 Bl * 
6,601,179 B1 
7,124,312 B2* 
7,379,560 B2* 

2002/0178440 A1* 
2005/0071698 A1 
2005/0148887 A1* 
2006/0192775 A1 
2007/0033634 A1* 
2007/0050650 A1 

11/2000 Shimoda 
2/2003 Nickerson ................... .. 382/117 

7/2003 Jackson et al. 
10/2006 Casebolt et al. ............ .. 713/323 

5/2008 Bradski et al. 382/103 
11/2002 Agnihotri et al. ............. .. 725/10 

3/2005 Kangas 
7/2005 Reiter et al. ................ .. 600/508 

8/2006 Nicholson et al. 
2/2007 Leurs et al. ................. .. 725/143 

3/2007 Conroy et al. 
2008/0301474 A1* 12/2008 Bussa et a1. ................. .. 713/300 

2008/0307240 A1 12/2008 Dahan et a1. 
OTHER PUBLICATIONS 

Alex Shye et al., “Power to the People: Leveraging Human Physi 
ological Traits to Control Microprocessor Frequency,” Department of 
Electrical Engineering and Computer Science, Northwestern Univer 
sity, Evanston, IL, USA, Nov. 2008, entire document, pp. 1-10, 
sections 1-9, Retrieved from Internet: http://WWW.empathicsystems. 
org/Papers/micro08pdf. 
Noti?cation of transmittal of the International Search Report and the 
Written Opinion of the International Searching Authority, or the 
Declaration in International Application No. PCT/U S 1 0/ 37896 dated 
Aug. 6, 2010. 

* cited by examiner 

Primary Examiner * Fahmida Rahman 

(57) ABSTRACT 
A system and method for leveraging physiological traits to 
control microprocessor frequency are disclosed. In some 
embodiments, the system and method may optimize, for 
example, a particular processor-based architecture based on, 
for example, end user satisfaction. In some embodiments, the 
system and method may determine, for example, Whether 
their users are satis?ed to provide higher ef?ciency, improved 
reliability, reduced poWer consumption, increased security, 
and a better user experience. The system and method may use, 
for example, biometric input devices to provide information 
about a user’s physiological traits to a computer system. 
Biometric input devices may include, for example, one or 
more of the folloWing: an eye tracker, a galvanic skin 
response sensor, and/or a force sensor. 

20 Claims, 61 Drawing Sheets 
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