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Arithmetic circuit/
Logic Primitive 

AND/OR MAJ 

N-bit ADD 
Size O(2N) 

Fan-in O(2N) 
Size O(poly(N)) 

Fan-in O(poly(N)) 

N-bit MULT 
Size O(2N) 

Fan-in O(2N) 
Size O(poly(N)) 

Fan-in O(poly(N)) 

N-bit DIV 
Size O(2N) 

Fan-in O(2N) 
Size O(poly(N)) 

Fan-in O(poly(N)) 
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Definition: An MIG is a logic network consisting of  3-input 
majority nodes and regular/complemented edges.  
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MIGs include AOIGs include AIGs    



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

Theorem: (B,M,’,0,1) subject to axiom in Ω is a Boolean algebra     



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

MAJ 

z x y 

MAJ 

z y x 

MAJ 

x z y 



MAJ 

z x x x 

1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

z 

MAJ 

z x x 



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

MAJ 

z y u 

MAJ 

u x 
MAJ 

x y u 

MAJ 

u z 



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

MAJ 

z u v 

MAJ 

y x MAJ 

u x y 

MAJ 

z 

v x y 

MAJ 



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

MAJ 

z x y 

MAJ 

z x y 



1- Commutativity: M(x, y, z) = M(y, x, z) = M(z, y, x) 
2- Majority: if(x = y), M(x, y, z) = x = y 

          if(x = y!), M(x, y, z) = z  
3- Associativity: M(x, u, M(y, u, z)) = M(z, u, M(y, u, x)) 
4- Distributivity: M(x, y, M(u, v, z)) = M(M(x, y, u), M(x, y, v), z)  
5- Inverter Propagation: M!(x, y, z) = M(x!, y!, z!)  

Ω 

Theorem: MIG Boolean algebra is sound and complete    
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module optDC ( pi01, pi02, pi03, pi04, po0 ); 
  input pi01, pi02, pi03, pi04; 
  output po0; 
  wire   n5, n6, n7, n8, n9; 
  INV_X8 U6 (.A(pi03), .Y(n7)); 
  INV_X8 U7 (.A(pi01), .Y(n6)); 
  NOR2_X1 U8 (.A(n6), .B(n7), .Y(n5)); 
  NAND2_X1 U9 (.A(pi04), .B(n5), .Y(n9)); 
  NAND2_X1 U10 (.A(pi01), .B(pi02), .Y(n8)); 
  NAND2_X1 U11 (.A(n9), .B(n8), .Y(po0)); 
endmodule 

Area=1.68 um2  

Levels of  logic=4 

Delay=40 ps 

module optMIG ( pi01, pi02, pi03, pi04, po0 ); 
  input pi01, pi02, pi03, pi04; 
  output po0; 
  wire   n1, n2, n3; 
  INV_X8 U1 (.A(pi01), .Y(n1)); 
  NAND2_X1 U2 (.A(pi04), .B(pi03), .Y(n2)); 
  NAND2_X1 U3 (.A(pi01), .B(pi02), .Y(n3)); 
  MIN3_X1 U4 (.A(n2), .B(n3), .C(n1), .Y(po0)); 
endmodule 

Area=1.19 um2 

Levels of  logic=2 

Delay=30 ps 
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88 nodes 
24 levels 

83 nodes 
7 levels 

8-bit adder: original  
8-bit adder: MIG 



-{15%, 5%, 2%} 

delay, area, power 

w.r.t. commercial design 
flow 

Behavioral MIG 

Area: 0.18 mm2 

Delay: 10.10 ns 

GC: 24k 

Area: 0.21 mm2 

Delay: 11.22 ns 

GC: 37k 
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Original MIG functionality 

MAJ 

MIG 
Error A 

MIG 
Error B 

MIG 
Error C 



IWLS’05: 

-17.98% depth 

IWLS’05: 

-12.65% size 

IWLS’05: 

-10.00% SW act. 

Arith. HDL: 

-26.69% depth 

Arith. HDL: 

-7.7% size 

Arith. HDL: 

-0.1% SW act. 
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