








Intel 4004 

2300 transistors 

740 kHz clock 

10um process 

10.8 usec/inst 

Intel Core i7 980X 

1.17B transistors 

3.33 GHz clock 

32nm process 

73.4 psec/inst 

%/year, Ratios: 

38%, 508000 

23%, 4450 

15%, 312 

34%, 147000 



Device or Circuit Parameter  Scaling Factor 

 

Dimension, Tox, L, W  1/k 

Doping Concentration Na  k 

Voltage (V)   1/k 

Current (I)   1/k 

Capacitance (eA/t )  1/k 

Delay time/circuit (VC/I)  1/k 

Power dissipation/circuit (VI) 1/k^2 

Power density (VI/A)  1 

 

Historically, k ~= 1.4 

 

[Dennard, Gaensslen, Yu, Rideout, Bassous, Leblanc, 

IEEE JSSC, 1974] 
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Years 

Historical Scaling

ITRS Scaling

Realistic Scaling

18x 

7.9x 

3.7x 

[Esmaeilzadeh, Blem, St. Amant, Sankaralingam, Burger, ISCA 2011] 





ASICs 

FPGAs 

Source: Bob Broderson, Berkeley Wireless group 











High Volume 

Manufacturing 

2008 2010 2012 2014 2016 2018 2020 2022 

Technology Node 

(nm) 

45 32 22 16 11 8 6 4 

Integration Capacity 

(BT) 

8 16 32 64 128 256 512 1024 

Source: Shekhar Borkar, Intel Corporation 



Thanks to Luis Ceze, Hadi Esmaeilzadeh, Adrian Sampson, and others 





[Esmaeilzadeh, Sampson, Ceze, and Burger, MICRO 2012] 

Neural 
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NPU 
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code 
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execution 



ORIGINAL CODE 





New execution models needed: 
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