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In his seminal 1960 paper on Man-Computer Symbiosis, J.C.R. Licklider envisioned hybrid human/computer 
systems that could "think as no human brain has ever thought and process data in a way not approached by 
the information-handling machines we know today." While visionary in his day, it is unlikely the Licklider
could have anticipated the opportunities for human computation enabled by today's emerging Internet-based 

d i l tf S h l tf t i ll b d i A li ti P i I t fcrowdsourcing platforms. Such platforms typically can be accessed via an Application Programming Interface 
(API), which makes it feasible to construct large scale systems that combine the machine resources 
of cloud computing with the complementary computational abilities of people. Building such systems, 
however, raises a number of interesting architectural challenges, due to vast differences in capabilities, 
speed and consistency properties of these resources as well as human considerations such as motivationspeed, and consistency properties of these resources, as well as human considerations such as motivation, 
fatigue, and quality of life concerns, to name a few. The AMPLab at UC Berkeley is developing systems that 
deeply integrate machine learning, warehouse-scale computing, and crowd resources to support data 
analysis and understanding. In this talk I will describe some of our work on crowdsourcing for data 
acquisition and analysis and pose some challenges for the middleware that will be required to construct andacquisition and analysis, and pose some challenges for the middleware that will be required to construct and 
efficiently operate these systems. 
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