
USOO6864.896B2 

(12) United States Patent (10) Patent No.: US 6,864,896 B2 
Perego (45) Date of Patent: Mar. 8, 2005 

(54) SCALABLE UNIFIED MEMORY 5,867,180 A * 2/1999 Katayama et al. .......... 34.5/542 
ARCHITECTURE 6,104,417 A * 8/2000 Nielsen et al. ........ ... 34.5/542 

6,208,273 B1 * 3/2001. Dye et al. ..................... 341/51 
(75) Inventor: Richard E. Perego, San Jose, CA (US) 6,690,726 B1 * 2/2004 Yavits et al............ 375/240.12 

(73) Assignee: Rambus Inc., Los Altos, CA (US) * cited by examiner 

(*) Notice: Subject to any disclaimer, the term of this 
past isits, 6. alusted under 35 Primary Examiner Matthew C. Bella 

a -- (b) by ayS. Assistant Examiner Dalip K. Singh 

(21) Appl. No.: 09/858,836 (74) Attorney, Agent, or Firm-Lee & Hayes, PLLC 
y - - - 9 

(22) Filed: May 15, 2001 (57) ABSTRACT 

(65) Prior Publication Data A memory architecture includes a memory controller 
coupled to multiple modules. Each module includes a com 

US 2002/0171652 A1 Nov. 21, 2002 puting engine coupled to a shared memory. Each computing 
(51) Int. Cl. .............................................. G06F 15/167 engine is capable of receiving instructions from the memory 
(52) ... 3451542; 34.5/543; 34.5/544 controller and processing the received instructions. The 
(58) Field of Search ................................. 345/421, 542, shared memory is configured to Store main memory data and 

34.5/519, 536, 522, 506, 505, 531, 532, graphical data. Certain computing engines are capable of 
520, 535,543, 544; 710/26; 712/201; 711/209, processing graphical data. The memory controller may 

120, 170, 111, 105, 103; 341/51; 375/240.12 include a graphics controller that provides instructions to the 
(56) References Cited computing engine. An interconnect on each module allows 

multiple modules to be coupled to the memory controller. 
U.S. PATENT DOCUMENTS 

5,325,493 A * 6/1994. Herrell et al. .............. 712/201 34 Claims, 7 Drawing Sheets 

3OO v 

304 RENDERING 
ENGINE 
312 

SHARED MAIN 
AND GRAPHICS 
MEMORY 314 

CPU/MEMORY 
302 - CONTROLLER SUBSYSTEM 

^ - 
308 

MEMORY VIDEO NPUT 
CONTROLLER 

CPU GRAPHICS DISPLAY 
CONTROLLER NTERFACE 

310 

306 WO 
CONTROLLER 

  

    

  

Ex. 4, p. 1

Case 6:22-cv-00466-ADA-DTG   Document 50-4   Filed 12/19/22   Page 1 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Mar. 8, 2005 Sheet 1 of 7 US 6,864,896 B2 

100 \ 

108 
GRAPHICS 
MEMORY 

VIDEO 
INPUT 

116 
MEMORY 

CONTROLLER 
GRAPHICS 

CONTROLLER 

DISPLAY 
INTERFACE 

106 I/O 
CONTROLLER 

22, t 
(Prior Art) 

  

  

  
  

  

  

  

Ex. 4, p. 2

Case 6:22-cv-00466-ADA-DTG   Document 50-4   Filed 12/19/22   Page 2 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Mar. 8, 2005 Sheet 2 of 7 US 6,864,896 B2 

200 \ 

204 SHARED MAIN 
MEMORY AND 

GRAPHICS MEMORY 

CPU/MEMORY 
202 - CONTROLLER SUBSYSTEM 

MEMORY VIDEO INPUT 
CONTROLLER/ 
GRAPHICS DISPLAY 

CONTROLLER 
INTERFACE 

CONTROLLER 

22, 2 
(Prior Art) 

  

  

  

    

  

  

  

Ex. 4, p. 3

Case 6:22-cv-00466-ADA-DTG   Document 50-4   Filed 12/19/22   Page 3 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Mar. 8, 2005 Sheet 3 of 7 US 6,864,896 B2 

3OO \ 

304 RENDERING SHARED MAIN 
ENGINE AND GRAPHICS 
312 MEMORY 314 

CPU/MEMORY 
302 - CONTROLLER SUBSYSTEM 

MEMORY VIDEO NPUT 
CONTROLLER/ 
GRAPHICS 

CONTROLLER DISPLAY 
INTERFACE 

CONTROLLER 

  

  

  

  

  

    

    

    

  

Ex. 4, p. 4

Case 6:22-cv-00466-ADA-DTG   Document 50-4   Filed 12/19/22   Page 4 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Mar. 8, 2005 Sheet 4 of 7 US 6,864,896 B2 

THE MEMORY CONTROLLER/GRAPHICS CONTROLLER 
RECEIVES A PROCESSING TASK 

404 THE MEMORY CONTROLLER/GRAPHICS CONTROLLER 
PARTITIONS THE PROCESSING TASK iNTO 

MULTIPLE PORTIONS 

406 THE MEMORY CONTROLLER/GRAPHICS CONTROLLER 
DISTRIBUTES EACH PORTION OF THE PROCESSING 

TASK TO ARENDERING ENGINE 

408 

NO 
ALL RENDERING ENGINES FINISHED 

YES 

410 THE MEMORY CONTROLLER/GRAPHICS CONTROLLER 
REASSEMBLES THE FINISHED FORTIONS OF THE TASK 

  

  

Ex. 4, p. 5

Case 6:22-cv-00466-ADA-DTG   Document 50-4   Filed 12/19/22   Page 5 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


