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上面的方式为主。
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注意模块名和实例名区别
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if-else都有的话是组合逻辑，如果只有个if那是时序逻辑。
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STA：不管功能；DTA：管功能，需要测试向量。
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积分器：数字领域等于累加器，因为积分等于面积和。
	微分器：通过当前时刻的信号值与上个时刻的信号值的差值。（数字系统）
FIR滤波器：
检验FIR滤波器系数，让输入持续为零，只有一个周期为一，看输出就是系数。
调用IP核生成FIR滤波器的步骤：
1， MATLAB生成满足要求的FIR滤波器的系数；
2， 导入quartus的IP核生成Verilog模型
3， 评估Verilog模型的性能，与MATLAB模型结果比较
环形缓冲器：用指针代替数据的移动。
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输入输出之间最小边集：少割一条边就会使输入和输出连起来。
MAC：乘（✖）累加（∑）操作。
[image: ]
[image: ]
[image: ]
[image: ]
测试通常使用的是仪器，验证通常是仿真器。
可测性测试包括：BIST（build in self test），boudary scan边界扫描
BIST：构建测试模块对输入进行每个输入的测试（可进行伪穷尽）。
如果待测试电路具有自己产生测试信号、自己检查输出信号
的能力，则称该电路具有内建自测试功能。
边界扫描：每个寄存器用一个二选一复用器控制选择输入给寄存器的是测试数据测试数据还是实际数据。
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@ An HDL structural moa%i

- Structure Modeling Consists of
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1.1.2 Verilog Structural Mo

A Structural Verilog module consists of:

name accompanled by its ports

a declaration of the operatio odes of the ports
an optional li f I es, and/or other variables
used by the model

- e

just as one would place and connect their physical
counterparts on a PC board or on a schematic

module module-name (list of ports),
Declaration of ports;
Declaration of variables;

module instantiations
primitive instantiations
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module :

Add half (sum, c_out, a, b); c:ir‘nep':larlennt
Inputa, b ofVenIog

output c_out, sum; e,
xor (sum, a, b);
and (c_out, a, b

module Add_full(c_out, sum, a, b, c_in);
output c_out, sum;
inputa, b, c_in;
wire w1, w2, w3;

Add_half M1 (w2, w1, a, b);
Add_half M2 (w3, sum, c_Iin, w1);
or (c_out, w3, w2);

endmodule
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module Add_half (sum, c_out, a, b), module Add_half (output reg sum, c_out,
input a, b; input a, b);

output c_out, sum;

xor (sum, a, b);

and (c_out, a, b);
endmodule

always @ (a, b)
{c_out, sum}=a + b;

endmodule 15
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4.1.4 Some language rutes

Verilog is case-sensitive (a and A is different)
Identifier (name) is composed of:

— case-sensitive sequence of upper and lower case

letters

— Digits

- Underscore (_)

— The $ symbol

- Not begin with a digit or $

Be up to 1024 characters long

Use a pair of //, or symbol pair /* and */ to imbed
comments

Multiline comments may not be nested
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@ Procedural Assignmeﬁst

» Inside an initial or always block

* RHS evaluated and assigned to LHS before
next statement executes

* RHS may contain wires and regs
* LHS must be a reg

initial always @ (a, b, c)
begin begin
#10y1—0 yl=a+b+c;
#20y1—1 y2=a-b-c;

end end
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Example 5.4 A two-channel Mux \BBI
32-bit datapaths
module Mux_2_ 32_CA #(parameter word_size = 32) (
output [word_size -1: 0] mux_out,
input [word_size -1: 0] data_1, data_0,
input select
)
assign mux_out = selec}\(? data_1 : data_0;
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- select
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synthesized into physical Mux 2 32 'Ca' et
32 - -
circuits. data_1 ————]
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4.2.5 Testbench Tem%te
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> Before factoring:
F=ac+ad+bc+bd+e; (w:14,G:5 )
» After Factoring:
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module Integrator_Seq (parameter word_length = 8, latency = 4)(
output [word_length -1: 0] data_out; input [word_length -1: 0] data_in;
input hold, LSB_flag, clock, reset );
reg [(word_length * latency) -1: 0] Shft_Reg; /32 bits
reg canmy,
wire [word_length: 0] sum; /9 bits
always @ (posedge clock) begin
if (reset) begin Shft_Reg <= 0; carry <= 0; end
else if (hold) begin
Shft_Reg <= Shft_Reg; carry <= carry; end
else begin // shift a byte to left, load in sum
Shft_Reg <= {Shft_Reg[word_length*(latency -1) -1: 0],
sum[word_length-1: 0]}; end end
assign sum = data_in + Shft_Reg [ (latency * word_length) -1
(latency -1)*word_length ] + (carry & (~LSB_flag));
assign data_out = Shft_Reg(latency * word_length) -1 )
(latency -1)*word_length];
endmodule
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module FIR_Gaussian_Lowpass # (parameter order = 8, Dg
word_size_in = 8,word_size_out = 2*word_size_in + 2,
b0 = 8'd7, // Filter coefficients
b1 =28'd17,b2 = 8'd32,b3 = 8'd46,b4 = 8'd52,b5 = 8'd46,b6 = 8'd32,
b7 = 8'd17,b8 = 8'd7)(output [word_size_out -1: 0] Data_out,
input [word_size_in-1: 0] Data_in,input clock, reset);

reg [word_size_in-1: 0] Samples[1: order];

integer k;

assign Data_out = b0 * Data_in + b1 * Samples[1] + b2 * Samples[2]
+ b3 * Samples[3] + b4 * Samples[4]
+ b5 * Samples[5] + b6 * Samples[6]
+ b7 * Samples[7] + b8 * Samples[8];

always @ (posedge clock)

if (reset==1)
begin for (k = 1; k <= order; k = k+1) Samples[k] <=0; end
else begin

Samples [1] <= Data_in
for (k = 2; k <= order; k = k+1) Samples[k] <= Samples[k-1];
end
endmodule
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module Circular_Buffer_2 # (parameter buff_size = 4, word_size = @D FEELX

Xxuetangx.com

output [word_size -1: 0] cell_3, cell_2, cell_1, cell_0,
input [word_size -1: 0] Data_in, clock, reset);
reg [buff_size -1: 0] Buff_Array [word_size -1: 0];
wire cell_3 = Buff_Array[3], cell_2 = Buff_Array[2];
wire cell_1 = Buff_Array[1], cell_0 = Buff_Array[0];
integer k;
parameter write_ptr_width = 2; // Width of write pointer
parameter max_write_ptr = 3;
reg [write_ptr_width -1 : 0] write_ptr; / Pointer for writing
always @ (posedge clock) begin
if (reset == 1) begin
write_ptr <= 0
for (k = 0; k <= buff_size -1; k = k+1) Buff_Array[k] <= 0:
end
else begin

g :
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endmodule
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Power consumption of CMOS circuif;

Ptotal = Pdyn + Pstat + Pleak + Pshort
v Pdyn: Dynamic dissipation of charging and discharging (switching) of the nodes.
low voltage, multi-voltage
variable frequency
small transistors, short wires clock gating, efficient algorithmic

v Pstat: Static dissipation is the power dissipated as a result of static (temporary or
continuous DC) current .

Pdyn = V+la [ow V,devices

v Pleak : the subthreshold leakage currents
power gating, sleep mode , low temperature, High V, devices

v Pshort: power dissipated in logic gates as a result of short circuit currents between
supply and ground during transients .
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How to improve your energy efficieticy

By keeping track of what energy is being spent

— Find out where energy goes in the target application.
— Determine the activity profile
By reducing node activities at the algorithm and architecture levels «

— Minimize the overall computational effort
— Relax numerical precision, audio/video response time, etc.
- Simplify control flow and modes of operation
— Optimize all word widths and storage capacities.
— Stay away from DRAMs with their memory refresh cycles.
— Avoid off-chip communication wherever possible.

By reducing node activities at the register transfer and logic levels
— Put inactive subcircuits into sleep mode.
— Avoid intense glitching.
- Consider clock gating for registers with enable.
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