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What I want to do today

• Comment on Machine Learning

• Comment on Quantum Computing

• Comment on Parallel Processing (revisited)

• Comment on Education

• Some problems worth looking at
– Virtual Page Size
– Memory Bank Conflicts
– Merge Point Prediction

• The future microprocessor



Machine Learning

• The number of papers are soaring

• Lots of results: Wow!  It works!
– But cars smash into the back of trucks
– Woman on a bicycle gets run over

• How many understand root causes
– “Learning” or “Adaptive Pattern Recognition”
– How and where are the weights adjusted
– The pattern space not covered: So what?

• What about dynamic training?
– Ideal paradigm for branch prediction
– What else?



Quantum Computing

• Quantum: Computer or Accelerator

• Too much glib hype by know-nothings

• I used to ridicule it
– Then I talked to Burton Smith
– And Doug Carmean
– And the physics gurus at Microsoft who get it

• So now I think there is a future in it
– But I would like to see more reality, less hype 



Parallel Processing

• Multi-core began Meganonsense

– Multi-core was a solution to a performance problem
– Hardware works sequentially
– Make the hardware simple – thousands of cores
– Do in parallel at a slower clock and save power
– ILP is dead
– Examine what is (rather than what can be)
– Communication: off-chip hard, on-chip easy
– Abstraction is a pure good
– Programmers are all dumb and need to be protected
– Thinking in parallel is hard



A Solution to a Performance Problem?

Time

N
um

be
r o

f T
ra

ns
is

to
rs

Cache

Microprocessor


Chart1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9



Microprocessor

Cache

Time

Number of Transistors

10

0

14

2

16

4

19

7

21

13

24

25

26.5

45.5

28.5

100

30.5

165.5



Sheet1

		

										1		1.4		1.4

										3.9		8.2		2.1025641026

										0.3		2.5		8.3333333333

										1.6		12		7.5

										2.2		11.3		5.1363636364

										8.4		11.6		1.380952381

										9.1		12.8		1.4065934066

										0.1		0.2		2

										20.5		24.3		1.1853658537

										0.7		0.7		1

										6.6		6.7		1.0151515152

										0.4		2.6		6.5

										29.1		57.9		1.9896907216

										73.9		101.6		1.3748308525

														2.2369256962





Sheet2

		

										1		0		10		10

										2		2		14		16

										3		4		16		20

										4		7		19		26

										5		13		21		34

										6		25		24		49

										7		45.5		26.5		72

										8		100		28.5		128.5

										9		165.5		30.5		196

																0





Sheet2

		



Microprocessor

Cache

Time

Number of Transistors



Sheet3

		







Intel Pentium M



The Asymmetric Chip Multiprocessor (ACMP)
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Large core vs. Small Core

• Out-of-order
• Wide fetch e.g. 4-wide
• Deeper pipeline
• Aggressive branch 

predictor (e.g. hybrid)
• Many functional units
• Trace cache
• Memory dependence 

speculation

In-order
Narrow Fetch e.g. 2-wide
Shallow pipeline
Simple branch predictor (e.g. 

Gshare)
Few functional units

Large
Core

Small
Core
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								0.34		0.0566666667		0.0425		0.085		0.66		0.66		1.32		0.66		1.3953488372		0.7339449541		1.3422818792		0

								0.35		0.0583333333		0.04375		0.0875		0.65		0.65		1.3		0.65		1.4117647059		0.7441860465		1.3559322034		0

								0.36		0.06		0.045		0.09		0.64		0.64		1.28		0.64		1.4285714286		0.7547169811		1.3698630137		0

								0.37		0.0616666667		0.04625		0.0925		0.63		0.63		1.26		0.63		1.4457831325		0.7655502392		1.384083045		0

								0.38		0.0633333333		0.0475		0.095		0.62		0.62		1.24		0.62		1.4634146341		0.7766990291		1.3986013986		0

								0.39		0.065		0.04875		0.0975		0.61		0.61		1.22		0.61		1.4814814815		0.7881773399		1.4134275618		0

								0.4		0.0666666667		0.05		0.1		0.6		0.6		1.2		0.6		1.5		0.8		1.4285714286		0

								0.41		0.0683333333		0.05125		0.1025		0.59		0.59		1.18		0.59		1.5189873418		0.8121827411		1.4440433213		0

								0.42		0.07		0.0525		0.105		0.58		0.58		1.16		0.58		1.5384615385		0.824742268		1.4598540146		0

								0.43		0.0716666667		0.05375		0.1075		0.57		0.57		1.14		0.57		1.5584415584		0.8376963351		1.4760147601		0

								0.44		0.0733333333		0.055		0.11		0.56		0.56		1.12		0.56		1.5789473684		0.8510638298		1.4925373134		0

								0.45		0.075		0.05625		0.1125		0.55		0.55		1.1		0.55		1.6		0.8648648649		1.5094339623		0

								0.46		0.0766666667		0.0575		0.115		0.54		0.54		1.08		0.54		1.6216216216		0.8791208791		1.5267175573		0

								0.47		0.0783333333		0.05875		0.1175		0.53		0.53		1.06		0.53		1.6438356164		0.8938547486		1.5444015444		0

								0.48		0.08		0.06		0.12		0.52		0.52		1.04		0.52		1.6666666667		0.9090909091		1.5625		0

								0.49		0.0816666667		0.06125		0.1225		0.51		0.51		1.02		0.51		1.6901408451		0.9248554913		1.581027668		0

								0.5		0.0833333333		0.0625		0.125		0.5		0.5		1		0.5		1.7142857143		0.9411764706		1.6		0

								0.51		0.085		0.06375		0.1275		0.49		0.49		0.98		0.49		1.7391304348		0.9580838323		1.6194331984		0

								0.52		0.0866666667		0.065		0.13		0.48		0.48		0.96		0.48		1.7647058824		0.9756097561		1.6393442623		0

								0.53		0.0883333333		0.06625		0.1325		0.47		0.47		0.94		0.47		1.7910447761		0.9937888199		1.6597510373		0

								0.54		0.09		0.0675		0.135		0.46		0.46		0.92		0.46		1.8181818182		1.0126582278		1.6806722689		0

								0.55		0.0916666667		0.06875		0.1375		0.45		0.45		0.9		0.45		1.8461538462		1.0322580645		1.7021276596		0

								0.56		0.0933333333		0.07		0.14		0.44		0.44		0.88		0.44		1.875		1.0526315789		1.724137931		0

								0.57		0.095		0.07125		0.1425		0.43		0.43		0.86		0.43		1.9047619048		1.0738255034		1.7467248908		0

								0.58		0.0966666667		0.0725		0.145		0.42		0.42		0.84		0.42		1.935483871		1.095890411		1.7699115044		0

								0.59		0.0983333333		0.07375		0.1475		0.41		0.41		0.82		0.41		1.9672131148		1.1188811189		1.7937219731		0

								0.6		0.1		0.075		0.15		0.4		0.4		0.8		0.4		2		1.1428571429		1.8181818182		0

								0.61		0.1016666667		0.07625		0.1525		0.39		0.39		0.78		0.39		2.0338983051		1.1678832117		1.8433179724		0

								0.62		0.1033333333		0.0775		0.155		0.38		0.38		0.76		0.38		2.0689655172		1.1940298507		1.8691588785		0

								0.63		0.105		0.07875		0.1575		0.37		0.37		0.74		0.37		2.1052631579		1.2213740458		1.8957345972		0

								0.64		0.1066666667		0.08		0.16		0.36		0.36		0.72		0.36		2.1428571429		1.25		1.9230769231		0

								0.65		0.1083333333		0.08125		0.1625		0.35		0.35		0.7		0.35		2.1818181818		1.28		1.9512195122		0

								0.66		0.11		0.0825		0.165		0.34		0.34		0.68		0.34		2.2222222222		1.3114754098		1.9801980198		0

								0.67		0.1116666667		0.08375		0.1675		0.33		0.33		0.66		0.33		2.2641509434		1.3445378151		2.0100502513		0

								0.68		0.1133333333		0.085		0.17		0.32		0.32		0.64		0.32		2.3076923077		1.3793103448		2.0408163265		0

								0.69		0.115		0.08625		0.1725		0.31		0.31		0.62		0.31		2.3529411765		1.4159292035		2.0725388601		0

								0.7		0.1166666667		0.0875		0.175		0.3		0.3		0.6		0.3		2.4		1.4545454545		2.1052631579		0

								0.71		0.1183333333		0.08875		0.1775		0.29		0.29		0.58		0.29		2.4489795918		1.4953271028		2.1390374332		0

								0.72		0.12		0.09		0.18		0.28		0.28		0.56		0.28		2.5		1.5384615385		2.1739130435		0

								0.73		0.1216666667		0.09125		0.1825		0.27		0.27		0.54		0.27		2.5531914894		1.5841584158		2.2099447514		0

								0.74		0.1233333333		0.0925		0.185		0.26		0.26		0.52		0.26		2.6086956522		1.6326530612		2.2471910112		0

								0.75		0.125		0.09375		0.1875		0.25		0.25		0.5		0.25		2.6666666667		1.6842105263		2.2857142857		0

								0.76		0.1266666667		0.095		0.19		0.24		0.24		0.48		0.24		2.7272727273		1.7391304348		2.3255813953		0

								0.77		0.1283333333		0.09625		0.1925		0.23		0.23		0.46		0.23		2.7906976744		1.797752809		2.3668639053		0

								0.78		0.13		0.0975		0.195		0.22		0.22		0.44		0.22		2.8571428571		1.8604651163		2.4096385542		0

								0.79		0.1316666667		0.09875		0.1975		0.21		0.21		0.42		0.21		2.9268292683		1.9277108434		2.4539877301		0

								0.8		0.1333333333		0.1		0.2		0.2		0.2		0.4		0.2		3		2		2.5		0

								0.81		0.135		0.10125		0.2025		0.19		0.19		0.38		0.19		3.0769230769		2.0779220779		2.5477707006		0

								0.82		0.1366666667		0.1025		0.205		0.18		0.18		0.36		0.18		3.1578947368		2.1621621622		2.5974025974		0

								0.83		0.1383333333		0.10375		0.2075		0.17		0.17		0.34		0.17		3.2432432432		2.2535211268		2.6490066225		0

								0.84		0.14		0.105		0.21		0.16		0.16		0.32		0.16		3.3333333333		2.3529411765		2.7027027027		0

								0.85		0.1416666667		0.10625		0.2125		0.15		0.15		0.3		0.15		3.4285714286		2.4615384615		2.7586206897		0

								0.86		0.1433333333		0.1075		0.215		0.14		0.14		0.28		0.14		3.5294117647		2.5806451613		2.8169014085		0

								0.87		0.145		0.10875		0.2175		0.13		0.13		0.26		0.13		3.6363636364		2.7118644068		2.8776978417		0

								0.88		0.1466666667		0.11		0.22		0.12		0.12		0.24		0.12		3.75		2.8571428571		2.9411764706		0

								0.89		0.1483333333		0.11125		0.2225		0.11		0.11		0.22		0.11		3.8709677419		3.0188679245		3.007518797		0

								0.9		0.15		0.1125		0.225		0.1		0.1		0.2		0.1		4		3.2		3.0769230769		0

								0.91		0.1516666667		0.11375		0.2275		0.09		0.09		0.18		0.09		4.1379310345		3.4042553191		3.1496062992		0

								0.92		0.1533333333		0.115		0.23		0.08		0.08		0.16		0.08		4.2857142857		3.6363636364		3.2258064516		0

								0.93		0.155		0.11625		0.2325		0.07		0.07		0.14		0.07		4.4444444444		3.9024390244		3.305785124		0

								0.94		0.1566666667		0.1175		0.235		0.06		0.06		0.12		0.06		4.6153846154		4.2105263158		3.3898305085		0

								0.95		0.1583333333		0.11875		0.2375		0.05		0.05		0.1		0.05		4.8		4.5714285714		3.4782608696		0

								0.96		0.16		0.12		0.24		0.04		0.04		0.08		0.04		5		5		3.5714285714		0

								0.97		0.1616666667		0.12125		0.2425		0.03		0.03		0.06		0.03		5.2173913043		5.5172413793		3.6697247706		T

								0.98		0.1633333333		0.1225		0.245		0.02		0.02		0.04		0.02		5.4545454545		6.1538461538		3.7735849057		T

								0.99		0.165		0.12375		0.2475		0.01		0.01		0.02		0.01		5.7142857143		6.9565217391		3.8834951456		T

								1		0.1666666667		0.125		0.25		0		0		0		0		6		8		4		T
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Thinking in Parallel is Hard

• Perhaps: Thinking is Hard



Education

• My bottom up approach: 300 schools

• JAVA or somesuch: 5000 schools

• Why is that a problem?
– Hennessy’s comment for software people  in his Turing talk
– The needs of the future microprocessor



Some Important Problems
and our humble forays into them

• Virtual Memory
– Because 4K is too small, 
– and we should have more flexibility

• Bank Conflicts
– Because memory latency is still a major problem

• Merge Prediction
– Because branch predictions are not always correct



Higher Performance demands:

• Instruction Supply
– No ICACHE Misses
– No Packet Breaks
– 100 Prediction Accuracy

• Data Supply
– Huge Memory
– Single Cycle Access

• Instruction Execution
– Lots of functional units
– Data Flow processing
– Low latency interconnect



Virtual Memory

• First: All sizes 2^k, k> 11
– Normal PTE with extra bits providing size info
– Seamless access of the physical page frame
– Removes essentially all L1 TLB misses

• Next step: Smallest size: 2^18
– L1 cache design: more index bits
– Prefetching: can’t cross page boundary
– Memory dependence checking
– Reduced page walk latency
– Page table size is much smaller



Bank Conflicts

• Reserve a small part of each DRAM
– Bank conflict stores a duplicate

• Duplicon
– Part of the memory controller
– Reroutes one of the accesses to the duplicate



Merge Prediction

• What to do about unpredictable branches

• Predict means likely misprediction penalty

• Fetch instead from the merge point
– Provides necessary uop supply
– No wasted energy 



The Future Microprocessor

• The White Paper from Leiserson et. al.
– Plenty of room at the top
– i.e., my transformation hierarchy revisited

• Accelerators

• The vonNeumann Machine



Algorithm

Program

ISA (Instruction Set Arch)

Microarchitecture

Circuits

Problem

Electrons



Accelerators

• Many implementation mechanisms
– ASICs
– FPGAs
– EMT instruction (with writeable control store)

• Examples (Quantum computing, Machine learning)

• Requires the attention of 
– The person writing the algorithm
– The programmer
– The compiler writer 
– The microarchitect



…which requires a fresh approach to Education!



Accelerators will need CPUs to feed them

• Which means Von Neumann will continue to thrive!



The VonNeumann Paradigm

• A straightforward model of executing programs
– Fetch, Decode, Evaluate address, Fetch Data, …

• Many have suggested its demise
– I insist it will remain
– Our best mechanism for maintaining order, not chaos

• Augmented with accelerators, of course 



When I describe this model,

• I get enormous pushback.

• What about portability?

• Without portability, the economics isn’t there;

• Industry won’t buy into it.

• My response: Economics Be Damned!



Economics Be Damned!

• Some things are too important
– Curing cancer
– Predicting tsunamis
– Cyber defense

• We already have an industry point solution
– Google’s Tensor Processing Unit
– Perhaps next: a deep learning training unit?



Thank you!
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