
Point                                       Fanout       Cap     Trans      Incr       Path
  ---------------------------------------------------------------------------------------------
  clock ideal_clock1 (rise edge)                                            0.0000     0.0000
  clock network delay (propagated)                                          0.1797     0.1797
  dpath/result_reg/out_reg_12_/CLK (DFFX1)                        0.1627    0.0000     0.1797 r
  dpath/result_reg/out_reg_12_/Q (DFFX1)                          0.0579    0.2249     0.4046 f
  dpath/result_reg/out[12] (net)                4      14.7511              0.0000     0.4046 f
  dpath/result_reg/out[12] (RegEn_0x5d7f49276b3a51fc)                       0.0000     0.4046 f
  dpath/resp_msg[12] (net)                             14.7511              0.0000     0.4046 f
  dpath/add/in1[12] (Adder_0x5e7f7d3cd3d8940e)                              0.0000     0.4046 f
  dpath/add/in1[12] (net)                              14.7511              0.0000     0.4046 f
  dpath/add/U79/IN1 (NAND2X0)                                     0.0579    0.0002 &   0.4048 f
  dpath/add/U79/QN (NAND2X0)                                      0.0984    0.0563     0.4610 r
  dpath/add/n293 (net)                          3       7.3223              0.0000     0.4610 r
  dpath/add/U81/IN1 (OAI21X1)                                     0.0984    0.0022 &   0.4633 r
  dpath/add/U81/QN (OAI21X1)                                      0.0391    0.1213     0.5845 f
  dpath/add/n304 (net)                          3       8.0761              0.0000     0.5845 f
  dpath/add/U85/IN1 (AOI21X1)                                     0.0391    0.0000 &   0.5845 f
  dpath/add/U85/QN (AOI21X1)                                      0.0300    0.0968     0.6813 r
  dpath/add/n23 (net)                           1       3.7021              0.0000     0.6813 r
  dpath/add/icc_clock4/IN3 (NAND3X0)                              0.0300    0.0000 &   0.6814 r
  dpath/add/icc_clock4/QN (NAND3X0)                               0.0815    0.0489     0.7303 f
  dpath/add/n32 (net)                           1       8.9536              0.0000     0.7303 f
  dpath/add/icc_clock5/INP (INVX2)                                0.0815    0.0000 &   0.7303 f
  dpath/add/icc_clock5/ZN (INVX2)                                 0.0988    0.0606     0.7909 r
  dpath/add/n199 (net)                         16      50.2237              0.0000     0.7909 r
  dpath/add/U157/IN2 (OAI21X1)                                    0.0988    0.0010 &   0.7920 r
  dpath/add/U157/QN (OAI21X1)                                     0.0361    0.1083     0.9002 f
  dpath/add/n74 (net)                           1       6.9548              0.0000     0.9002 f
  dpath/add/icc_clock3/IN1 (XNOR2X1)                              0.0361    0.0014 &   0.9016 f
  dpath/add/icc_clock3/Q (XNOR2X1)                                0.0508    0.1185     1.0201 r
  dpath/add/out[31] (net)                       1       6.8784              0.0000     1.0201 r
  dpath/add/out[31] (Adder_0x5e7f7d3cd3d8940e)                              0.0000     1.0201 r
  dpath/add_out[31] (net)                               6.8784              0.0000     1.0201 r
  dpath/add_mux/in__000[31] (Mux_0x4543312b8315d283_3)                      0.0000     1.0201 r
  dpath/add_mux/in__000[31] (net)                       6.8784              0.0000     1.0201 r
  dpath/add_mux/U3/IN1 (NAND2X2)                                  0.0508    0.0000 &   1.0202 r
  dpath/add_mux/U3/QN (NAND2X2)                                   0.0963    0.0209     1.0410 f
  dpath/add_mux/n2 (net)                        1       3.6708              0.0000     1.0410 f
  dpath/add_mux/U6/IN1 (NAND2X1)                                  0.0963    0.0000 &   1.0410 f
  dpath/add_mux/U6/QN (NAND2X1)                                   0.0787    0.0364     1.0774 r
  dpath/add_mux/out[31] (net)                   1       4.5321              0.0000     1.0774 r
  dpath/add_mux/out[31] (Mux_0x4543312b8315d283_3)                          0.0000     1.0774 r
  dpath/add_mux_out[31] (net)                           4.5321              0.0000     1.0774 r
  dpath/result_mux/in__000[31] (Mux_0x4543312b8315d283_0)                   0.0000     1.0774 r
  dpath/result_mux/in__000[31] (net)                    4.5321              0.0000     1.0774 r
  dpath/result_mux/U4/INP (INVX1)                                 0.0787    0.0000 &   1.0774 r
  dpath/result_mux/U4/ZN (INVX1)                                  0.0381    0.0271     1.1045 f
  dpath/result_mux/n35 (net)                    1       5.2324              0.0000     1.1045 f
  dpath/result_mux/U5/IN1 (NOR2X2)                                0.0381    0.0000 &   1.1045 f
  dpath/result_mux/U5/QN (NOR2X2)                                 0.0726    0.0215     1.1260 r
  dpath/result_mux/out[31] (net)                1       3.0392              0.0000     1.1260 r
  dpath/result_mux/out[31] (Mux_0x4543312b8315d283_0)                       0.0000     1.1260 r
  dpath/result_mux_out[31] (net)                        3.0392              0.0000     1.1260 r
  dpath/result_reg/in_[31] (RegEn_0x5d7f49276b3a51fc)                       0.0000     1.1260 r
  dpath/result_reg/in_[31] (net)                        3.0392              0.0000     1.1260 r
  dpath/result_reg/out_reg_31_/D (DFFX1)                          0.0726    0.0000 &   1.1260 r
  data arrival time                                                                    1.1260

  clock ideal_clock1 (rise edge)                                            1.0000     1.0000
  clock network delay (propagated)                                          0.1761     1.1761
  clock reconvergence pessimism                                             0.0006     1.1768
  dpath/result_reg/out_reg_31_/CLK (DFFX1)                                  0.0000     1.1768 r
  library setup time                                                       -0.0564     1.1204
  data required time                                                                   1.1204
  ---------------------------------------------------------------------------------------------
  data required time                                                                   1.1204
  data arrival time                                                                   -1.1260
  ---------------------------------------------------------------------------------------------
  slack (VIOLATED)                                                                    -0.0056
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Figure 4: Datapath for Fixed-Latency Iterative Integer Mul-

tiplier – All datpath components are 32-bits wide. Shifters
are constant one-bit shifters. We use registered inputs with a
minimal of logic before the registers.

Figure 5: Control FSM for Fixed-

Latency Iterative Integer Multiplier –
Hybrid Moore/Mealy FSM with Mealy
transitions in the CALC state.

2.2. Variable-Latency Iterative Integer Multiplier

The fixed-latency iterative integer multiplier will always take 35 cycles to compute the result. While
it is possible to optimize away the cycle to realize the calculation is done and to eliminate the IDLE/-
DONE states, fundamentally this algorithm is limited by the 32 cycles required for the iterative calcu-
lation. The variable-latency iterative multiplier takes advantage of the structure in some pairs of in-
put operands to improve performance and energy efficiency. Figure 6 illustrates the variable-latency
iterative multiplication algorithm using “pseudocode”. If the b operand has many consecutive ze-
ros we don’t need to shift one bit per cycle; instead we can shift the B register multiple bits in one
step and directly jump to the next required addition. The calc_shamt function calculates the shift
amount based on the number of trailing zeros in the b operand. Various different implementations
of calc_shamt are possible: considering more bits will improve the performance but likely increase
area and energy.

1 def imul_var_algo( a, b ):

2

3 result = Bits( 32, 0 )

4 while b != 0:

5 if b[0] == 1:

6 result += a

7 shamt = calc_shamt( b )

8 a = a << shamt

9 b = b >> shamt

10

11 return result

Figure 6: Variable-Latency Iterative Multiplication Al-

gorithm – Assumes a and b are 32-bit Bits objects. Shifts
by more than one to skip over sequences of zeros in the b
operand. Various different calc_shift functions are pos-
sible. This is executable Python code.

4



  vsrc       = IntMulFixedLatPRTL_0x791afe0d4d8c.v
  input      = imul-rtl-fixed-small
  area       = 9178 # um^2
  constraint = 1.0 # ns
  slack      = -0.01 # ns
  cycle_time = 1.01 # ns
  exec_time  = 1705 # cycles
  power      = 3.958 # mW
  energy     = 6.8158739 # nJ

  vsrc       = IntMulFixedLatPRTL_0x791afe0d4d8c.v
  input      = imul-rtl-fixed-large
  area       = 9178 # um^2
  constraint = 1.0 # ns
  slack      = -0.01 # ns
  cycle_time = 1.01 # ns
  exec_time  = 1705 # cycles
  power      = 6.532 # mW
  energy     = 11.2484306 # nJ

  vsrc       = IntMulVarLatPRTL_0x791afe0d4d8c.v
  input      = imul-rtl-var-small
  area       = 13300 # um^2
  constraint = 1.0 # ns
  slack      = -0.01 # ns
  cycle_time = 1.01 # ns
  exec_time  = 398 # cycles
  power      = 5.231 # mW
  energy     = 2.10275738 # nJ

  vsrc       = IntMulVarLatPRTL_0x791afe0d4d8c.v
  input      = imul-rtl-var-large
  area       = 13300 # um^2
  constraint = 1.0 # ns
  slack      = -0.01 # ns
  cycle_time = 1.01 # ns
  exec_time  = 1371 # cycles
  power      = 7.536 # mW
  energy     = 10.43517456 # nJ



Energy Efficiency vs. 
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Random Inputs

Energy Efficiency vs. 
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Figure  4.4  -­  Trace  for  Inelastic  8-­stage  Pipelined  Multiplier:​  The  eight  dots/ones  in  the  square  brackets  specify  in  the  
value  in  the  stage  is  invalid/valid.  Notice  that  when  the  output  is  not  ready  (denoted  with  a  dot  on  the  right-­most  column),  

the  pipeline  does  not  have  any  valid  computations  progressing  anywhere  in  the  pipeline.  

  



  

Figure  4.3  -­  Trace  for  Elastic  8-­stage  Pipelined  Multiplier:​  The  eight  dots/ones  between  the  square  brackets  specify  if  
the  value  in  the  stage  is  a  valid  multiplication  operation  or  not.  Notice  that  when  the  output  is  not  ready  (denoted  with  a  #  

in  the  far  right  column)  the  pipeline  squashes  bubbles  in  the  pipeline  (the  dots  in  the  square  brackets  disappear).  

  


