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What is the Machine? 

 Who is aware of HP’s Machine? 
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What is the Machine? 

 Utilisation of different technologies 

 

 

 

Source:  P.  Ranganathan,  “Saving the world together, one server at a time…” ACACES 2011 
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What is the Machine? 

• Special purpose cores arbitrarily connected with pool of non-volatile 

memories – the memristors 

 Access times between 0.3 and 3 ns (< below 250 ns) 

 Mostly flat memory model 

– Paging and TLBs shall become obsolete 

– Vision: Cache becomes non-volatile 
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What is the Machine? 

 What is the Machine? 

• HP will provide first products of a complete new computer architecture 

within the next two to three years 

• Up 160 racks based on memristors connected to a cluster  

 Data capacity up to 160 Petabyte  

 Size of a refrigerator 
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What is the Machine? 

• Processor cores and memory connected via high speed fiber optics 

 Bandwidth of 6 Terabit / second   

 

 

 

 

 

 

 

 

 

• Machine rack no server 

 Architecture flexible configurable from mobile device up to large computer 
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What is the Machine? 

 Schedule for the revolution 

• New memory controllers 

• New OS for the Machine: Linux++  Carbon 

  



FUTURE COMPUTING 2015,  

Key note “more than the Machine – 

Using Memristors for Computing” 

Nice, 23th March, 2015. 

Slide  8   

FRIEDRICH-ALEXANDER UNIVERSITY 

ERLANGEN-NÜRNBERG 

FACULTY OF ENGINEERING 

Chair for Computer 

Architecture 

 

Outline 

 What is the Machine? 

 

 Memristor technology 

 

 Digital Boolean logic with memristors 

 

 Ternary Computing using memristors  

 

 Conclusion 
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Memristor technology 

 Memristor - The missing 4th element 

• Predicated by Leon Chua in 1971 

 

 

 

 

 

• Experimentally found in 2008 at HP Lab 
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Memristor technology 

 Two principal kinds of memristors 

• Change resistivity of the device, e.g. due to ion transfer 

 

Total memristance  = sum of resistances  

of the doped und undoped regions 

Image from http://bit-player.org/2012/ 

remember-the-memristor 
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Memristor technology 

• ResitiveRAM (ReRAM):  

Growing of a conducting filament due to depositions of cations 

 

 

 

 

 

 

 

 

• More complicated model than 

to the HP model before 

 

Images and equations taken from 
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Memristor technology 

 Modelling memristor behaviour 
   

• Used in a SPICE simulation  

 

 

 

 

 

 

 

 

 

 

• Using a model for a non-linear  

dopant drift (window function) 

Zdeněk BIOLEK, Dalibor BIOLEK Viera BIOLKOVÁ 

SPICE Model of Memristor with Nonlinear Dopant Drift 

RADIOENGINEERING, VOL. 18, NO. 2, JUNE 2009 

Used window function  
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Memristor technology 

 Modelling and simulating memristors  
   

• Use an equivalent SPICE circuit model  

• Simplifies execution of mixed-signal  

simulations  

 

 

 

 

 

 

 

 

 

 

Zdeněk BIOLEK, Dalibor BIOLEK Viera BIOLKOVÁ 

SPICE Model of Memristor with Nonlinear Dopant Drift 

RADIOENGINEERING, VOL. 18, NO. 2, JUNE 2009 
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Memristor technology 

 Modelling multi-bit feature    

• Demonstration in a SPICE simulation  
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Outline 

 What is the Machine? 

 

 Memristor technology 

 

 Digital Boolean logic with memristors 

 

 Ternary Computing using memristors  

 

 Conclusion 
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Digital Boolean logic with memristors 

 Different branches of computing with memristors 

 

Memristive Computing 

Analog Computing Digital Computing 

Neural networks,  

Neuromorphic processing, 

STDP 

Large field 

Ratioed Logic IMPLY Logic 
CMOS-circuit like equivalent 

memristor networks 

Hybrid approaches: 

CMOS+memristors 

I. Vourkas, G.Ch. Sirakoulis / Memristor-based combina-

tional circuits: A design methodology for encoders/ 

decoders , Microelectronics Journal 45 (2014) 59–70 
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Digital Boolean logic with memristors 

 Ratioed Logic 

 

• Creating simple AND- and OR- gates by (mem)resistive networks 

• Making following abstraction 

 Current flowing into the device: memristance ↓ 

 Current flowing out of the device: memristance ↑ 

 

Structure of OR gate Structure of AND gate 

S. KVATINSKY, N. WALD, G. SATAT,  

A. KOLODNY, U.C. WEISER, G.E. FRIEDMAN  

MRL – Memristor Ratioed Logic 

13th International Workshop on CNNA, 1:6, pp. 29-31, 2012. 
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Digital Boolean logic with memristors 

• Example for OR and AND gate for 

input Vin1 = 1 and Vin2 = 0  

 

OR gate AND gate 

1 

Vin1 

Vin2 

↑ 1 

0 ↓ 
Vout 

0 

Vin1 

Vin2 

↓ 1 

0 ↑ 
Vout 
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Digital Boolean logic with memristors 

 IMPLY Logic 

• Based on conditional toggling (kind of 3-phase logic) 

 Initializing certain states in memristors by input data 

 Apply constant voltages (Vcond and Vset) that possibly change states 

 Reading out the state (applying voltage that does not change states) 
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Digital Boolean logic with memristors 

 State changing after time  
 

Behaviour 

corresponds  

exactly to IMPLY logic   

p  →  q  =  q‘ 

VCOND  let  p‘ ← p 

VSET  makes  q‘ ← 1  if  p  is  opened 
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Digital Boolean logic with memristors 

 Can be expanded to NAND by subsequent IMP 

operations  
 



FUTURE COMPUTING 2015,  

Key note “more than the Machine – 

Using Memristors for Computing” 

Nice, 23th March, 2015. 

Slide  22   

FRIEDRICH-ALEXANDER UNIVERSITY 

ERLANGEN-NÜRNBERG 

FACULTY OF ENGINEERING 

Chair for Computer 

Architecture 

 

Outline 

 What is the Machine? 

 

 Memristor technology 

 

 Boolean logic with memristors 

 

 Ternary Computing using memristors  

 

 Conclusion 
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Ternary computing using memristors 

 Ternary computers 

• Since the days of Konrad Zuse and John v. Neumann 

 Binary computers 

 

• Ternary system  

 differentiates between 3 and not 2 states 

 

• 17th century: Caramuel y Lobkowitz 

 investigated number system with digits 0, 1, and 2 

 

http://ternary.3neko.ru/history_of_ternary.html 
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Ternary computing using memristors 

• 18th century: Abraham Gotthelf Kästner 

 each number weighted sum of multiples of 3 

 Weights were  -1, 0, and +1 
    

• Donald Knuth 

 Denoted that as balanced ternary system 
 

• 1961: Avizienis [IRE Trans. Trans. Electron Computers] 

 Fast carry-free addition with signed-digit (SD) numbers 

 Difficult to implement in digital electronics 
 

• 1988: Parhami 

 Binary SD number system 
 

• 1958: Brousentsov 

 SETUN ternary computer 
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Ternary computing using memristors 

 May be a renaissance of ternary computers? 

• CMOS compatible,  

• fast, 

• Energy-poor, 

• multi-bit storing capable non-volatile memory cells  

like memristors 
   

 Hybrid CMOS-memristor approach  
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Ternary computing using memristors 

 Signed-digit number representation to base 2 

 

 

 

 

 

 
   

 Used digital coding for signed digits (SD) 

 

 

 

 1,0,1),,...,(2)( 01

0

 



 in

n

i

i

i aaaaaaw

312110

325111

11;314212021101  :Example 012







a+ a- SD 

0 0 0 

0 1 -1 

1 0 1 

1 1 Not used 
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Ternary computing using memristors 

 Carry-free addition in O(1) 

 

 

00001

00010

0010

0011

0100

0111

1000

1010

1101

S

S

C

S

C

S

C













Binary addition 

O(n) 

Best case: log(n) 

O(1) 

10

10

10

)16(00001

01110

01111

)5(1010

)11(1101







S

Z

C

Signed digit addition 

xi yi zi ci+1 

0 0 0 0 

0 1 -1 1 

1 0 -1 1 

1 1 0 1 

ci zi si 

0 0 0 

0 -1 -1 

1 0 1 

1 -1 0 
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Ternary computing using memristors 

 Addition / subtraction of (i) a SD number a and a  

binary number B and (ii) two SD numbers c and z 
   

(i)                                                                        (ii) 

 

 

   

• a – B: Subtraction can be simply reduced to addition 

 

 

   

• Negative complement simply by exchange positive and negative part 

 

 
ai

+ ai
- 

ai
+ ai

- 
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Ternary computing using memristors 

 Schematic of a digit  

processor cell 

 Digit 

processor 

cell 

Digit 

processor  

cell 
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2  Signed-digit (SD) arithmetic 

 Corresponding gate logic for an SD adder /  

subtractor cell 

• Completely implemented in SPICE  

 

a+ 
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Ternary computing using memristors 

 Schematic of a digit processor cell 

 

• Several cells are connected side-by-side to a row 
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Ternary computing using memristors 

 Modelling multi-bit feature 

• Interfacing to produce binary input for digital processing circuit 
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Ternary computing using memristors 

 Memristor-based SD arithmetic unit 

 

- 1 - 1 - 1 + 1 + 1 + 1 

0 -1 +1 

- 2 +2 -2 0 0 +2 

+1 -1 0 
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Ternary computing using memristors 

 Simulation result  

 

- 1 - 1 - 1 + 1 + 1 + 1 

0 -1 +1 

- 2 +2 -2 0 0 +2 

+1 -1 0 
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Conclusion 

         

 Possible computer architecture revolution happens? 

 Core technology are NVM like memristors 

 Proposal for first memristive Boolean logic gates 

 Renaissance or break-through for ternary computers 

 Outlook 
• First simple gates have to be realised 

• Devices have to be improved 

• From gates to complex systems 

 


