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HDL Idioms

After this lecture you should be able to convert a Verilog description into a block diagram, and convert a block diagram into
a Verilog description.

Common HDL Idioms
// assume the following declarations:
. . logic a, b, c, reset, up, down, oe ;
Logic synthesizers such as Quartus convert HDL de- 10gic [15:6] x, y, y_next :

scriptions into circuits (actually, netlists). They do 1egic [3:8] z ;

. L. . logic [3:08] tab [64] ;
this by recognizing a small number of idioms.

You must be able to visualize the hardware that
would be generated by an HDL description in or-
der create efficient designs. This lecture describes
some common HDL constructs and their correspond-
ing hardware implementations.

assign ¢c = a * b ;
assign a = x <y ;

assign y_next =y + 1 ;

Combinational Logic assign y = x[3] ;

The following HDL constructs are typically synthe-

sized as follows: assign y = 1'b1 << x ; // decoder

« logical operators are converted to logic gates as
you would expect.

tab[x] ;

assign z

. . . i = 2 . - .
« arithmetic and comparison operators are con- 2°519" Y-next =y < x 7y + 1 iy -1

verted to blocks of combinational logic imple-

. . . i =z[3] 2 4: iorit d
menting the required operation. assign y = z[ lm , g )] Priority encoder
. . . z[1] ? 2 :
« access to a value in an unpacked array is a im- z[e] 21 : o;

plemented as read-only memory (ROM). Access
to bits in packed arrays is implemented as a con- assign y = oe ? x : 16'hzzzz ;
nection to specific bits.

assign y_next = reset ? 16'h0 :

« ternary operators, if/else and case statements w2y +1:
are converted into multiplexers; nested as nec- down 7y - 1 :
y
essary

+ an output to which ‘2z’ can be assigned is con-  gequential Logic

verted to a tri-state output.
The following HDL constructs are synthesized as fol-

Exercise 1: Using the schematic symbols shown below, convert lows:

each of the following System Verilog expressions into a schematic.

« always_ff blocks with sensitivity lists con-
o— taining signal edges (@ (posedge. . .)) are con-

j @ SN verted to registers. The signals assigned to

within the always_ff block are the register out-
puts.

addr. data 7 4
2 - ~ o .
a0 « combinational logic that computes the values
assigned to register inputs is used to describe
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specialized sequential logic such as counters
and shift registers. The register’s current value
is often used to compute the next value.

Exercise 2: Using the schematic symbols shown above, convert

each of the following System Verilog expressions into a schematic.

// shift register
assign y_next = {y[14:0],a} ;
always_ff@(posedge clk)

y = y_next ;

// FF showing if y (above) is even
assign a_next = y_next [15] ;
always_ff@(posedge clk)

a = a_next ;

// register with load enable
assign y_next =en ? x @y ;
always_ff@(posedge clk)

y = y_next ;

// counter with reset and count enable
assign y_next = reset ? '0 :
en?y+ 1'b1 :y;
always_ff@(posedge clk)
y = y_next ;

// writeable memory (RAM)
always_ff@(posedge clk)
tab[x] = z ;

// read port
assign z = tab[x] ;

assign y_next = reset ? 16'd7 :
(y == 16'd8000 && !'down ) ? y-1 : vy ;

// CRC
assign y_next = { A( y & 16'hOx1021 ), y[15:1] } ;
always_ff@(posedge clk)

y = y_next ;

Schematics to HDL

It’s also important to be able to write the HDL that
will result in a specific hardware architecture.

Each circuit element is converted into the corre-
sponding HDL construct and named signals are used
to connect them according to the circuit topology.
Exercise 3: Write System Verilog that would generate each of the fol-
lowing schematics. Include any required signal declarations (using

logic).
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