
Combinational "shift and add" multiplier

Pipelining
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The triangles are pieces of the adders 
that aren't doing any useful work.  We can 
optimize these away, so we only need 8 
8-bit adders, instead of 8 16-bit adders.
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Pipelining

The Wallace Tree                        a7 a6 a5 a4 a3 a2 a1 a0
                        b7 b6 b5 b4 b3 b2 b1 b0
                        70 60 50 40 30 20 10 00
                     71 61 51 41 31 21 11 01
                  72 62 52 42 32 22 12 02
               73 63 53 43 33 23 13 03
            74 64 54 44 34 24 14 04
         75 65 55 45 35 25 15 05
      76 66 56 46 36 26 16 06
   77 67 57 47 37 27 17 07
   
  
   C20 C18 C17 C15 C13 C11 C8 C6 C4 C2 C1 C0 S0 10 00
   77 S19 S18 C16 C14 C12 C9 C7 C5 C3 S2 S1    01
            S17 S15 S13 C10 S8 S6 S4 S3 03
            47 S16 S14 S11 S9 S7 S5
                     S12 S10 06
                     17
   
   
D14 D13 D12 D11 D10 D9 D7 D5 D3 D2 D1 D0 T0 S0 10 00
   T14 T13 T12 T11 T10 D8 D6 D4 T3 T2 T1       01
            47 S17 T9 T7 T5 T4 S6
                  S15 T8 T6
   
   
D14 D13 D12 E6 E5 E4 E3 E2 E1 E0 U0 D0 T0 S0 10 00
   T14 T13 U7 U6 U5 U4 U3 U2 U1    T1       01
      E7          S15 T8 T6
   
   
F7 F6 F5 F4 F3 F2 F1 F0 V0 E0 U0 D0 T0 S0 10 00
D14 V7 V6 V5 V4 V3 V2 V1    U1    T1       01
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Pipelining registers can break the critical 
path into pieces, which can reduce the 
minimum clock period.  Reducing the 
minimum clock period can improve the 
overall throughput of a circuit, but does 
not change the latency (delay) from a 
particular set of inputs starting at the 
beginning and the corresponding result 
coming out the end.
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