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Example of chip to implement our multiplier

0 Purpose

This laboratory report is our introduction to tirénciple of manual synthesis for a digital system.
We will try to reproduce a design from Verilog Haale Description Language (in Register Transferel)ev
simulated with the Cadence Simucad Silos softwaeedraphical gate level using Altera Maxplus.
We are going to meet this challenge by designiagséolic multiplier with two 8bits inputs and a 1boutput.
This multiplier is designed for a digital signabpessor and has thus to be able to load 2 inpukeeg 1 to
multiply different values to it.

In a first time we are going to show bloc by bthe internal components of our design and in arsgcc

time we are going to implement the gate level eglent by reproducing the same behaviour of the
components.



1 Verilog multiplier

First of all, let's see how this component is ifaeed:
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Clk ........... g 1 1 Ay Lo >
iy | Systolic multiplier Halt
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Details:

As said previously, A and B are on 8 bits, C islérbits

The signal Im (Input mode) allows selecting if wankto load 1 or 2 inputs (A is not loaded if In@)=
The output C is in high impedance state when CEz =

The output Halt is set when the multiplier has ctatgly finished its calculation and is thus ready.

I nternal components
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Verilog codes:



The 3 next components were quite straight forwhtiilis detail them too much.

EBEX

module reghA{wire A , A,loadA);
output [7:8] wire_f;
input [7:8] A;
input loadh;
reqg [7:8] wire A;

always@{negedge loadA}
wire A = A;

endmodule

S[=1/e3

module b_piso{wire B, B,loadB,clkB)};
output wire_B;
reqg wire B;
input [7:8] B;
input loadB, clkB;
req [¥=8] B_reqg;

alwaysB@{negedge loadB) begin
B _reqg = B;
wire B = B reg[8];

end

always@{posedge clkB) begin
B reg[6:8] = B _reg[7:1];
wire B = B _reg[8];

end

endmodule

module REG_mult{wire mult, wire A, wire B);
output [7:8] wire_mult;
input [7:8] wire A;
input wire B;
reqg [¥:8] wire_mult;

always @ {wire B or wire_A)
wire mult = wire B = wire A;

endmodule




In the beginning, | designed a really simple RTUtiplier, but | never succeeded to make it worktill don't
know why. | thus decided to start again and | tid the same principle than the gate level one:

=> It's composed by an adder block (a specialigg@dder) where the carry out is fed back in thegyin at
the next clock pulse. This is a implicit way topie it quickly and efficiently.

B[i=]/e9

module adder block(3o , mult,Si,Resetz,clkP);
output 3o;
input mult, Si, Resetz, clkP;
reqg carry, 3o;

alwaysB{negedge Resetz) begin
carry = 8;
50 = 8;

end

alwaysB@{posedge clkP) if{Resetz)
{carry, So} = Si + mult + carry;

endmodul e

...and a module that instantiate it 8 times:

module summ{wire_S , mult,Resetz,clkP);
output wire 5;
input [7:8]mult;
input Resetz, clkP;
wire [6:8]5_int;

adder_block IHSTB{wire 5, mult[ @8], S int[8], Resetz, clkP);
adder_block IHSTA{S int[@8], mult[1], S _int[1], Resetz, clkP);
adder_block IHST2{S_int[1], mult[2], S_int[2], Resetz, clkP);
adder_block INST3({S int[2], mult[3], § int[3], Resetz, clkP);
adder_block INST4{S int[3], mult[4], S int[4], Resetz, clkP);
adder_block INSTS5{S int[%], mult[5], § int[5], Resetz, clkP);
adder_block INST&{S int[5], mult[6], S_int[6], Resetz, clkP);
adder_block INST7{S int[6], mult[7], S _int[6], Resetz, clkP);

endmodul e




B[i=]/e9

module C_SIPO{C , HaltP,wire_ S,Resetz,CEz,clkP);
output [15:8]C;
output HaltP;
input wire S, clkP, Resetz, CEz;
reqg [15:8] C, reqgC;
reg HaltP;

initial begin

regt = 8;
C = A;
HaltPF = B;

end

alwaysB{negedge Resetz) begin
regt = 16 "h8000Q;
HaltPF = B8;

end

always@{posedge clkP})
if{Resetz) begin
regt = reqC>2>1;
#1 regC[15] = wire_35;
HaltP = reqC[A];
end

always@{CEz or regC})
begin if{*CEz)

C = reqgC;
else

C =16"hzzzz;
end
endmodul e

module CHTR{loadA, loadB, cez, clkP, Halt, clkB,
Im, clk, CEz, Resetz, HaltP);

output loadA, loadB, cez, clkP, Halt, clkB;
input clk, Resetz, Im, CEz, HaltP;
reg Halt, halt_tmp;

assign loadd = Resetz = Im,
loadB = Resetz,
clkP = ™Halt = clk,
clkB = ™clk,
cez = CEz;

initial begin
Halt = 8;
halt_tmp = 8;
end

always@{neqgedqge Resetz) Halt = @;
always@{posedge clkP) halt_tmp = HaltP;
always@{negedge clkP) Halt = halt_tmp;

endmodul e

(=3

ffoutputs
//inputs




I nstantiation of all the components:

module Systolic_multiplier{C,Halt ,
input Im, clk, CEz, Resetz;
input [7:8] A, B;
output [15:8] C;
output Halt;
wire loadn, loadB, cez, clkP, clkB, HaltP, wire B, So;
wire [7:8] wire_A, wire_mult;

CHTR inst1{loadf,loadB,cez,clkP, Halt,clkB,
Im,clk,CEz ,Resetz ,HaltP);

regh instZ{wire_n , A,loadA);

b_piso inst3{wire B , B,loadB,clkB);
REG_mult inst4{wire_mult , wire_fA,wire_B);
summ inst5(3o0 , wire_mult,Resetz,clkP};

C_SIPD inst6{C,HaltP , So,Resetz,cez,clkP);
endmodule

f// outputs
// inputs

B Systolic_multiplier_test.v

veq [7:8] A, B;
req Im,Resetz,CEz,clk;

wire [15:8] C;
wire Halt;

initial begin
$monitor ($time, =

clk = b, C = %b, Halt

/7 result expected
#1 Resetz
#1 Resetz

wait{Halt)

Im = 8;
B 127 ;
##1 Resetz
#1 Resetz
wait{Halt)

£ result expected

Im = 1;
|:|=
B = -127;
##1 Resetz
#1 Resetz
wait{Halt);

ff result expected

Im = @;
B 127;
#1 Resetz
##1 Resetz
wait{Halt});

result

£ expected

#38 $finish;
end

always #5 clk = ™~clk;

endmodule

testfile: (this test file is simplified to be able monitoritige output in the result text file, see next page)

B[(=][e3

module Systolic_multiplier test; ”~

Systolic_multiplier inst(C, Halt, A, B, Im, Resetz, CEz, clk);

%b", clk, G, Halt);

: 3FM

: CHFF

: CBFF

: 3Fm




For this result text file | thus enabled the chipput (no state Z) to be able to see its evolution:

1 clk =0, C= 1000000000000000, Halt =0 321 clk = 0, C = 1000000000000000, Halt =0

5 clk =1, C = 0100000000000000, Halt = 0 325 clk = 1, C = 0100000000000000, Halt = 0

6 clk =1, C = 1100000000000000, Halt = 0 326 clk =1, C = 1100000000000000, Halt = 0
10 clk = 0, C = 1100000000000000, Halt =0 330 clk = 0, C = 1100000000000000, Halt = 0
15 clk = 1, C = 0110000000000000, Halt =0 335 clk = 1, C = 0110000000000000, Halt = 0
20 clk = 0, C = 0110000000000000, Halt =0 336 clk = 1, C = 1110000000000000, Halt = 0O
25 clk =1, C = 0011000000000000, Halt =0 340 clk = 0, C = 1110000000000000, Halt = 0
30 clk = 0, C = 0011000000000000, Halt =0 345 clk =1, C = 0111000000000000, Halt = 0
35 clk = 1, C = 0001100000000000, Halt = 0 346 clk = 1, C = 1111000000000000, Halt = 0
40 clk = 0, C = 0001100000000000, Halt = 0O 350 clk = 0, C = 1111000000000000, Halt = 0
45 clk = 1, C = 0000110000000000, Halt = 0 355 clk =1, C = 0111100000000000, Halt = 0O
50 clk = 0, C = 0000110000000000, Halt = 0 356 clk =1, C = 1111100000000000, Halt = 0O
55 clk = 1, C = 0000011000000000, Halt = 0 360 clk = 0, C = 1111100000000000, Halt = 0
60 clk = 0, C = 0000011000000000, Halt = 0 365 clk = 1, C = 0111110000000000, Halt = 0
65 clk = 1, C = 0000001100000000, Halt = 0 366 clk = 1, C = 1111110000000000, Halt = 0
70 clk = 0, C = 0000001100000000, Halt = 0 370 clk = 0, C = 1111110000000000, Halt = 0
75 clk =1, C = 0000000110000000, Halt = 0O 375 clk =1, C = 0111111000000000, Halt = O
80 clk = 0, C = 0000000110000000, Halt =0 376 clk = 1, C = 1111111000000000, Halt = 0
85 clk = 1, C = 0000000011000000, Halt = 0 380 clk = 0, C=1111111000000000, Halt = 0
86 clk =1, C = 1000000011000000, Halt = 0 385 clk =1, C=0111111100000000, Halt = 0O
90 clk = 0, C = 1000000011000000, Halt = 0 386 clk =1, C = 1111111100000000, Halt = 0O
95 clk = 1, C = 0100000001100000, Halt = 0 390 clk = 0, C=1111111100000000, Halt = 0
96 clk = 1, C = 1100000001100000, Halt = 0 395 clk =1, C = 0111111110000000, Halt = 0
100 clk = 0, C = 1100000001100000, Halt =0 396 clk =1, C=1111111110000000, Halt = 0O
105 clk = 1, C = 0110000000110000, Halt =0 400 clk = 0, C=1111111110000000, Halt = O
106 clk = 1, C = 1110000000110000, Halt =0 405 clk = 1, C = 0111111111000000, Halt = 0
110 clk = 0, C = 1110000000110000, Halt =0 410 clk = 0, C = 0111111111000000, Halt = 0
115 clk = 1, C = 0111000000011000, Halt =0 415 clk =1, C = 0011111111100000, Halt = O
116 clk = 1, C = 1111000000011000, Halt = 0 420 clk = 0, C =0011111111100000, Halt = O
120 clk = 0, C = 1111000000011000, Halt =0 425 clk = 1, C = 0001111111110000, Halt = 0
125 clk =1, C = 0111100000001100, Halt = 0 430 clk = 0, C =0001111111110000, Halt =0
126 clk = 1, C = 1111100000001100, Halt = 0 435 clk =1, C = 0000111111111000, Halt = 0
130 clk = 0, C = 1111100000001100, Halt =0 440 clk = 0, C = 0000111111111000, Halt = 0
135 clk =1, C = 0111110000000110, Halt = 0 445 clk = 1, C = 0000011111111100, Halt =0
136 clk =1, C = 1111110000000110, Halt = 0 450 clk = 0, C = 0000011111111100, Halt =0
140 clk = 0, C = 1111110000000110, Halt =0 455 clk = 1, C = 0000001111111110, Halt = 0
145 clk = 1, C = 0111111000000011, Halt = 0 460 clk = 0, C = 0000001111111110, Halt =0
150 clk = 0, C = 0111111000000011, Halt =0 465 clk = 1, C = 0000000111111111, Halt = 0
155 clk =1, C = 0011111100000001, Halt =0 466 clk = 1, C = 1000000111111111, Halt =0
160 clk = 0, C = 0011111100000001, Halt = 1 => 30F1 470 clk = 0, C = 1000000111111111, Halt =0
161 clk = 0, C = 1000000000000000, Halt =0 475 clk =1, C = 0100000011111111, Halt =0
165 clk = 1, C = 0100000000000000, Halt =0 476 clk =1, C = 1100000011111111, Halt =0
166 clk = 1, C = 1100000000000000, Halt = 0 480 clk = 0, C = 1100000011111111, Halt = 1 => COFF
170 clk = 0, C = 1100000000000000, Halt =0 481 clk = 0, C = 1000000000000000, Halt =0
175 clk = 1, C = 0110000000000000, Halt =0 485 clk = 1, C = 0100000000000000, Halt = 0
176 clk = 1, C = 1110000000000000, Halt = 0 486 clk = 1, C = 1100000000000000, Halt = 0
180 clk = 0, C = 1110000000000000, Halt = 0 490 clk = 0, C = 1100000000000000, Halt =0
185 clk = 1, C = 0111000000000000, Halt = 0 495 clk = 1, C = 0110000000000000, Halt = 0
186 clk = 1, C = 1111000000000000, Halt = 0 500 clk = 0, C = 0110000000000000, Halt = 0
190 clk = 0, C = 1111000000000000, Halt =0 505 clk =1, C = 0011000000000000, Halt = 0
195 clk =1, C = 0111100000000000, Halt =0 510 clk = 0, C = 0011000000000000, Halt =0
196 clk =1, C = 1111100000000000, Halt =0 515 clk = 1, C = 0001100000000000, Halt =0
200 clk = 0, C = 1111100000000000, Halt = 0 520 clk = 0, C = 0001100000000000, Halt = 0
205 clk =1, C = 0111110000000000, Halt = 0O 525 clk = 1, C = 0000110000000000, Halt = 0
206 clk = 1, C = 1111110000000000, Halt = 0 530 clk = 0, C = 0000110000000000, Halt =0
210 clk = 0, C = 1111110000000000, Halt =0 535 clk = 1, C = 0000011000000000, Halt =0
215 clk =1, C = 0111111000000000, Halt = 0O 540 clk = 0, C = 0000011000000000, Halt = 0
216 clk =1, C = 1111111000000000, Halt = 0O 545 clk = 1, C = 0000001100000000, Halt = 0
220 clk = 0, C = 1111111000000000, Halt =0 550 clk = 0, C = 0000001100000000, Halt =0
225 clk = 1, C = 0111111100000000, Halt =0 555 clk = 1, C = 0000000110000000, Halt =0
226 clk =1, C = 1111111100000000, Halt = 0 560 clk = 0, C = 0000000110000000, Halt = 0
230 clk = 0, C=1111111100000000, Halt = 0O 565 clk = 1, C = 0000000011000000, Halt = 0
235 clk =1, C = 0111111110000000, Halt = 0 566 clk = 1, C = 1000000011000000, Halt = 0
236 clk = 1, C = 1111111110000000, Halt = 0 570 clk = 0, C = 1000000011000000, Halt =0
240 clk = 0, C = 1111111110000000, Halt =0 575 clk = 1, C = 0100000001100000, Halt =0
245 clk =1, C = 0111111111000000, Halt = 0 576 clk = 1, C = 1100000001100000, Halt = 0
250 clk = 0, C = 0111111111000000, Halt = 0 580 clk = 0, C = 1100000001100000, Halt = 0
255 clk = 1, C = 0011111111100000, Halt =0 585 clk = 1, C = 0110000000110000, Halt =0
260 clk = 0, C=0011111111100000, Halt =0 586 clk = 1, C = 1110000000110000, Halt =0
265 clk =1, C = 0001111111110000, Halt = 0 590 clk = 0, C = 1110000000110000, Halt = 0
270 clk = 0, C = 0001111111110000, Halt = 0 595 clk =1, C = 0111000000011000, Halt = 0
275 clk = 1, C = 0000111111111000, Halt =0 596 clk = 1, C = 1111000000011000, Halt =0
280 clk = 0, C=0000111111111000, Halt =0 600 clk = 0, C = 1111000000011000, Halt =0
285 clk =1, C = 0000011111111100, Halt = 0 605 clk = 1, C = 0111100000001100, Halt = 0
290 clk = 0, C = 0000011111111100, Halt =0 606 clk = 1, C= 1111100000001100, Halt = 0
295 clk = 1, C = 0000001111111110, Halt =0 610 clk = 0, C = 1111100000001100, Halt =0
300 clk = 0, C = 0000001111111110, Halt =0 615 clk = 1, C = 0111110000000110, Halt =0
305 clk =1, C = 0000000111111111, Halt =0 616 clk = 1, C = 1111110000000110, Halt = 0
306 clk =1, C = 1000000111111111, Halt =0 620 clk = 0, C = 1111110000000110, Halt = 0
310 clk = 0, C = 1000000111111111, Halt =0 625 clk = 1, C = 0111111000000011, Halt =0
315 clk = 1, C = 0100000011111111, Halt =0 630 clk = 0, C=0111111000000011, Halt =0
316 clk =1, C = 1100000011111111, Halt = 0 635 clk = 1, C=0011111100000001, Halt = 0 => 30F1
320 clk = 0, C = 1100000011111111, Halt = 1 => CQOFF .




...But as the multiplier is supposed to disabl@utput when the result is not ready, | changettla the test
file to do it (by setting CEz at 1 when the devie®usy, which place C in a high impedance state).

EEX
module Systolic multiplier test; -
req [7:8] A, B;

req Im,Resetz,CEz,clk;

wire [15:8] C;
wire Halt;

Systolic multiplier inst{C, Halt, a, B, Im, Resetz, CEz, clk);

initial begin
Smonitor(4time, "™ clk = %h, C = %h, Halt = %b", clk, C, Halt);

B = -127; // result expected : 3F8A
#1 Resetz = A;

#1 Resetz = 1;

@{Halt) GCEz = 8;

#? CEz = 1;

Im = B;

B = 127; /f result expected : COFF
1 Recetz
#1 Recetz =
@{Halt) CEz
#? CEz = 1;

]
-
-n

Im = 1;

A= 127;

B = -127; ff result expected : CBOFF
#1 Resetz =
#1 Resetz =
@{Halt) CEz
#? CEz = 1;

-
-

Im = B;

B = 127; ff result expected : 3F81
#1 Resetz = A;

#1 Resetz 1;

f/fwait(Halt);|

@{Halt) CEz = B;

#? $finish;

end

always #5 clk = ™clk;

endmodul e bl




3 Data Analyzer

= Default
AlF:0] 81
B[7:0] 81
Halt s1
clk s1
Resetz 5t
wire_A[7:0] 81
wire_B st
wire_mult[7:0] 81
wire_S St0
regC[15:0] 30
C[15:0] 301

Chronogram result for*imultiplication: -127 x -127 = 16129 (= 0x81 x 0x8Dx3F01)
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Chronogram result for"2 multiplication: -127 x 127 = -16129 (= 0x81 x 0xZPXCOFF)

2N Data Analyzer

Name | Value

E Default
A[F:0] 81
B[7:0] 7f
Halt 51
clk s
Resetz 5t
wire_A[7:0] 81
wire_B St0
wire_mult[7:0] 00
wire_3S 5t
regC[15:0] cOff
C[15:0] cDff

L P L P
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Fii H 81

-

| 1 f f ] f ] f 1|

]

81 i Hi

1 L
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1 I
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2222 i cDhff | W 2222

< T >

Chronogram result for3multiplication: 127 x -127 = -16129 (= 0x7F x 0x8 DXCOFF)

2 Data Analyzer

Name | Value

= Default
Al7:0] 7f
B[7:0] 81
Halt st
clk 51
Resetz 5t
wire_A[7:0] 7f
wire_B S5t
wire_mult[7:0] 7f
wire_S S5t
reqC[15:0] cOff
C[15:0] chff

N | R, R e | NN, .
Fii
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zzzZ b ’l:[lff 3{‘, zzzz
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& Data Analyzer

Name | value

El Default
Af7:0] 7f
B[7:0] 7f
Halt Stl
clk St1
Resetz 5t
wire_A[7:0] 7f
wire_B S5t0
wire_mult[7:0] 00
wire_S S5t0
regC[15:0] 3o
c15:0] JETY

Chronogram result for'¥multiplication: 127 x 127 = 16129 (=0x7F x 0x7®x3F01)
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2 Gatelevel multiplier

Now we have seen that the Verilog design is efficigVe are thus going to stick to its principle blithe
virtual time management of Silos becomes sometititdeamore complex in gate level considering thhthe
gate delays are not zero and all the behaviousadrgion are not always easy to translate (symbgs

"RegA" block diagram:

WEST T . . Edﬁ . -
s R LR e . :"‘- : ”{ A‘] : : wire A‘]
[oadA [ =l € —— 1 o1
e e SN o= ke = ,DC VE no - S owire A2
........ IA[B1]I‘-:'-H AB D*‘.\ [1‘7' w|rE AB
ra I::)_'{F"'_ a1 | - ol T
.................................... e M . . w|rE M
AL 0 Q5| wire AL
A6 : | o as | wire_AB
AT D;' a7 | wire AT
Ad S P gl wire Ad
clk LK
QUTBUT e h[a z ] ..... CLRN
L L WIre_Alo-- 1 PRN
"RegA" test chronogram:
Mame: Value: 'L 100.0us 200.0us 300.0us 400.0us 500.0us 600.0us 700.0us 800.0us 900.0us
9 loadA o
= AB.1] B 01100110 00000000 }( 01100110
S wire A[B..1] | B 00000000 00000000 }( 01100110

The result expected is obtained: at the clock edgeget the input in output.

"RegA" time analysis:

£+ Timing Analyzer

Delay Matrix

Destination
wire_a1 wire_Az2 wire_A3 wire_a4 wire_AR wire_A5 wire_A7 wire_Aag
a1
el
A3
Ad
AR
AB
A7
AR
loadd, £.5ns E.Bns B.5nz E.Bns E.bns B.5ns E.Bns B.5nz -

L1 Oy B el I ]

Start | ‘ |

We keep these results for later, to see the speddolf our final component.



"b_piso" block diagram{parallel in serial out)

21mux

Q¥ = :
B | g : D1
loadE| - '
s MULTIPLEXER
03 — 21mux :
B2 | . D2
................. oRETTT lo2dB) - '
gy ) okt o WULTREER
E: i : ad - 21mux
: Ef : B3 |g | D3
LT mem : loadB) - :
) o = WUTPLDGR
e as o
D1 = ] — a1 Eﬁda B D
D2 |, ol Q2 — S
D3~ Ipa qa| - @2 =
o I wl o |
05 asf— B5 | . . D5
D6 e as|—28 loadd] :
D7 .- o7l a7 — S
D8 |png s Q8 ' MULTPLEXER
o | : a7 . 21mux :
== ClK : BE |, . DB
: loadg| - r
s MULTIPLEXER ¢
Qs - 21mux :
BT |, . o7
loadg| - r
2 MULTABER -
g - 21mux :
B8 |, T
loadg] - '
MULTIPLEXER

FEED BACK OF M3B (SIGM BIT})

Mame: 25.|0us SD.IE]us ?S.I[]us 1[][].|0us 125.|E]us
5= clkB S A [ s S N S [
= lpadB

L | L

o ol n I e O ||

= Q[8 1]| - | - 11000011 111100001 {11110000 §11111000 11111100 {11110 11111111 00111100 Joo011110{00001111

=g wire_B

Note: as we can see, I've added 2 extra outpuits &ble to monitoring the DFF values and the iraleclock
(clk_int). The sign Bit is correctly propagated ahd output of the module is the LSB as wanted.

The internal clock was not a piece of cake totesaaseems to be simple but it's a RS flip floprected with
another logical bloc that allows to disable thecklavhen it's loading.



"b_piso" time analysisfor some reason the analyser doesn't want to atenthis component:

MAX +plus Il - Timing Analyzer

L ] E Mo valid source nodes are tagged for the current timing analysis mode
L]

-
o
S0 1IZIIZIl
Stop |

...but nothing can stop me!

=> | zoomed (a lot) on all transitions of the "bsgdi test chronogram and | found the longest tinlayde

5.0136us
=
MName: Value 5.0us
2
= clkB 1 |
= loadB 0 |
=g clk_int 1
- B[3..1] |HC3 3
== Q[8.1] 00000000 11000011
=r wire B 1
It thus seems that the longest time delay is 13.6ns
"REG_mult" block diagram:
A7 :
m j S wire mult?
i‘i',:z ..........
iiE;e—EI; j S wire multh
T
iiEre—EI; j S wire multh
.................................. s 3.-‘.‘:'2
e A[?U] ...... L —— VoT ﬂT: Cwire multd
a3 A T wire_mult[7.0]
T DM3
w wire B o np A
T DME
—_—— :
T Ao -
m j S wire multd
AD f’i',:z

———] j © wire mult0



"REG mult" test chronogram:

Mame: _Value: J_ 1[][].IUUS QUU;UUS 3UU]UUS 400_'0u9 SUU.IUUS EUU_IUUS TUU_IUUS BUU_IUUS QUU.IUUS 1.0
= AlT..0] B 00000000 | - :{ 11111111 X 00000000 :{ 11001100
= wire_B 1
0] | 3 00000000

S wire_mult[7 00000000 J 11111111 ¥ 00000000 § 11001100 ¥ 00000000 ¥ 11001100

Note: This component, completely combinatoriatjesinitely the simplest of the multiplier, but tharadox is
that it's the only one to perform a real multiplioa!

"REG mult" time analysis

#» Timing Analyzer Q@S|

Delay Matrix
Destination i
wire_rnultd wire_mult] wire_mult2 wire_rmult3 wire_rultd wire_mults wire_mults wire_rulty
a0 E.Ons
a1 E.Ons
g a2 E.Ons
o A3 E.Ons
f A4 6.0
- AR B.0ns
& AR B.0ns
AT E.0ns
wire_B E.0ns E.0ns E.0ns E.0ns E.0ns E.0ns E.0ns E.0ns -
o | ol
0 50 100
Start |

As explained in the Verilog design, to make the suused a full adder and I've duplicated it with
synchronised feed back of the carry (by a DFF).

"fa" (Full Adder) block diagram:

5 ointern_val | - - f‘}D 5
i cin I ; : . E

“fa" (Full Adder) time analysis:

Delay Matrix —
Destination -
c_out s
5 c_ih .0k . Ok
3 itput G.0msg B.0ms
I intern_wal B.0ng B.Ons
: .
<] | o0
0 50 100
Start | |




"summ"_block diagram{here is the component that effectuate the instiam of the full adder)

wire_mult[8..1] o —

wire_muft1
&1

wire_muttz

s2

wire_multd
s3

wire_muttd

54

wire_mults
S5

wire_muts

56

wire_mu7

s7

wire_mutd

sS7

INFUT
INTERH_VAL

C_IHN

fa
—] 1NPUT
. INTERM_VAL
—c_1n
BO.
: fa
— 1HPUT
—{ IHNTERH_WAL
. C_IHN
=3

fa

- INFUT

— INTERHN_W%AL

—c_1n

Be ...

: fa

— THFUT

—{ IMTERN_uAL

—e_1m

BRI
fa

— THFUT

—{ 1MTERN_wAL

—e_1m

3B
fa

— INFUT

—{ 1MTERN_wAL

—e_1m

35
fa

INFUT

INTERH_VAL

C_IHN




(Full Adder) test chronogram:

J_ 10_|[]u9 ED_IE]us 3U.IUUS 4U_|[]us EU_IUUS E[]_IE]us TU_IUUS 80

L |

Name: _Value:
[
= intern_val 0

= input 0 | | |
= C_in 1
=g c_out 0

=L S 1

= inputs B 001

= sum of inputs

To try making the test more readable | used theuigt function that allows taking several pins tokea bus.
| displayed the value of the inputs in binary te sge number of "1" in the bus created and in dutpe

display is in decimal to se the result directly.

"summ" test chronogram:

QU.PUS 4U_I[Jus EU.F]US BU_IUUS 1UU.IUUS 120_|Uu5 14[J_|Uu5 1EU_|[JU5 1BU_IUUS 200

MName: _Value: J_
= wire_mult[§..1] | B 00000100

00000100

= Resetz 1 |
= clk 0
SI7 0 — oooooio0 ¥ oooootto

| B 00000100 00000000 K }
=z wire_S 0 \ N | f
' \ B '
In the extra output called "S" we obtdialf of the sum of the input *wire_mult" and the preidd'S" state.
=> half because of thehift action (which gives the entire part of the halbemore acdurate) !
We thus obtain as expected: 0 \
+4 \ "
4 - ' '
SHIFT =>4/2=2
+4 ;
6 !
SHIFT =>6/2=3
+— //,
7 4
"summ " time analysis:
#£= Timing Analyzer E@@
Delay Matrix —
Destination
51 52 53 54 1) SEB S7 58 wire_5
clk 4.0nz 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns
Resetz
wire_multl
5 wire_mult2
3 wire_mult3
T wire_multd
; wire_mults
wire_mults
wire_mult?
wire_multd -
& o]
1] S0 100
o]
Start |




I've had the idea to use a Carry-Look-Ahead addéarb I've chosen this design (to go quicker).

In my T shot have not thought that the carry can be "seilly rippled” then doesn't take that much time!
...however, the CLA adder was really complex and 'tialiow saving a lot of time, it's just interegifrom
more than 16bits additions. But I've implementedaliong night) then | show it, for the souvenir:

[ cla_carry_generator.gdf - Graphic Editor |Z||E|E|
e

Pin_RIGHT 52 . :

GiI'I_PJGHT 560380800 00000 0060009900600

[EREPRE PanFI ................ '-,'j:_"'"Pil'l_UP F‘II‘I_UF‘
............ R PII‘I_R|GHT

(P RIGHT | sty P W s
T o ey S odsHiBbAatanns

Q|HR|GHT ................ '\'j:_""'ﬂil'l_PJGHT e

2haln_| ———/—————

Adn
............ ‘{'Hn"\:'hu Ain Bin
1 U o U, L7 [«
E: ............ B |r| ................ ,\i:._, Bin .-':l-..ll'l
.......................................... E"-I




Here is a part of the CLA adder design (just ftit4) but the tree is just doubled.

=i ain bin

cla_sum_block

qi pi cin

=i ain bin

cla_sum_block

qi pi cin

G_j+lk P_j+lk c_j+l
G_jj

cla_carry
generator

G_j+1k P_j+1k o_j+1
G_j
cla _carry

generator "'

=i ain bin =i

cla_sum_block

ain bin

cla_sum block

source http://tams-www.informatik.uni-hamburg.de

i pi in . i pi in
G_j+lk Pj+lk o_j+l
G
cla_carry
generator -
Gik Pk o -
s
G P C,
(+1.k) -~ Gre—
éla_cérry' '// o | |
generator - <\ : (l,J) P*—
(1,k)
AN . C .
\.
e
S

T

-— 0O




"C_SIPQO" block diagram(serial in parallel out)

HCEZ ......
Cin1 : "r:l s
nCEz iy
Cin2 " cz
............................... ncEz i -7
. adff : Cin3 : "r:l i C3
Gl o af}—HatP ez m b
Cn2 : lno gzf - Cin Cine -l e
C!ns - b3 Qaz —sz nCEz w7
Cind - s 4} - Cind cins ol L s
CinS 1 pe 0s Cind nCEz
CinS : Ipe 08 Cin= cing ol ' C6
Cin? | py o7 | Ciné nCEz
Cind : lps sl Cin? Cin? L CF
ok —-—FI”CEZ Elatl
Reszetz : CLK Cing - cs
——{ CLRN : nCEz  w »7
Cing : "r:l ]
nCEz i -7
- Cin1d "r:l CC10
: . Cing - -
Cin10 [ cing nEz
Cntt |2 o T cnt1 Tl o
: —{ D3 1:13:—_ nCEz 50 l‘""--
i o 73 CrRERE
——— D5 Q5 nCEz s
e ]® o OIS o
: — 07 ar——-- ncEz 52 el
Cin1g : . Cin1s - TR :
— D& Qg e Cin14 ﬂ CC14
Y ncEz e

This component allows implementing the high impedsstate by using the tristate gate, it also allesstting
with the MSB at 1 (it's the marker that will coduhe 16 clock edges to raise the halt signal when t
multiplication is finished) and finally it contairke halt memory cell.



"C SIPQO" test chronogram:

Just to show ho it works I've set the signal CEZ @t place the output in high impedance state..,

Mame- _Value: J‘ 25.0us 50.0us 75.0us 100.0us 125.0us 150.0us \\ 175.0us
= wire_S T 0 T | | | \
= Resetz 1 J ‘\\
- CEz 0 NE T
- clk 1 | ]] \
- C16 1 | | |
- C15 0 | | | e
- C14 0 | | | l—
- C13 0 | | D —
i C12 0 | | i —
@ C11 0 | | | —
- C10 0 | | f—
- C9 0 | | f—
- C38 0 | !
- C7 0 | F—
- C6 0 P —
- C5 0 D —
- Ct 0 o —
= C3 0 |
- C2 0 | j—
- C1 0 | —
T
\
- HaltP 0 [T

...and we can see the halt signal raised at tlecligk edges.

"C SIPO" time analysis:

&= Timing Analyzer

5
0
u ok
r
c
e

CEz

Rezetz

wire_S

C1 c2 C3
8.2ns 8.2ns
4.0nz 4. Onz

#£# Timing Analyzer

=]
[ O o B el e BN ]

[l i1
CEz 5.2ns 5.2ns
clk 4.0ns 4.0ns
Resetz
wire_5S

Delay Matrix
Destination
C4 [ CE C7 [} C3
8.2ns 5.2ns 5.2ns 5.2ns 5.2ns 5.2ns 8.2ns
4.0ns 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns 4.0ns
il 50 100

Start | |

Delay Matrix

D estination
1z 13 C14 15 C16 HaltP
5.2ns 5.2ns 5.2ns 8.2ns 8.2ns
4.0ns 4.0ns 4.0ns 4. Onz 4.0nz 4.0nz
b
e[
i ) 100

Start |




"CNTR" block diagram{control unit)

Resetz

.......................... NRLT
e — A o e
HEEETZ .................. A0 a0 f#:} loadAa
....... |3|k""i:u :‘-uj"-uluﬂljﬂ
R S QUIBUT T
[ T T E
"""""""""""""""""" b Glneln e em
clk : : clkB — > chkP
""""""""""""" ML 5 DC 5
Co—— : ALtAL
HEHP .................. wt@ogos B bnoaoa00G .*-..L:} Halt
HaltP - Halt

"CNTR" time analysis:

#» Timing Analyzer

Delay Matrix .
D estination ]
clkB clkP Hait loads, loadB
5 ek B.Ons E.Ons 4.0ns
" HaltP .0
I Im B.0nz
© | Resste E.Ons Eln: -
A o
M
Start




"Systolic multiplier" block diagram(instantiation of all the components)

loadB :

clkB

LORADE WIRE _BE|

: reg_mult
—JIRE_ALES. .1] WIRE_MULTLS. . 1]
- WIRE _B
BE
Summ
WIRE_MULTLE. .1]
clkP
— CLKFP WIRE _5S
Resetz :
— RESETZ
BB
c_sipo
—  WIRE_S :
CEz . HaltP
——cEZ HALTP—
clkP —
CLK CL1l&. . 1] =

Reszetz

Cl16..1]




"Systolic multiplier" time analysis:

&= Timing Analyzer

Delay Matrix

D estination

C1 C2 C3 C4 Ch CE C7 Ca C3

L1 R i e R )
m
ra

CEz 5.8ns 5.Bns 5.Bng 5.Bng 5.8ns 5.8ns 5.Ang 5.0ng 5.0ng
clk 7.hns12.5ns 7.hns/12.5ns 7.Bns/12.5ns 7.Bns/12.5ns 7.Bns/12.5ns 7.Bns/12.5nz 7.Bns/12.8ng 7.Bns12 Bng 7.Bns/12 Bng

Start | |

£= Timing Analyzer

Delay Matrix

Destination
[mghi] (k| ciz i3 Cl4 C15 C16 Halt

Al

A2

A3

A4

A5

BB

AT

A8

B1

B2

B3

B4

BE

BE

BY

BS

CEz B.Bhs 5.Bhs 5.Bhg 5.Bng 5.Bng 5.8ng 5.Bnz
clk 7.Bnzf12.8ns 7.Bnef12.8ns 7.8ned12.8ns 7.5nz/125ns 7.5nz/125nz 7.Bnz/128n: 7.Bnz/12 8nz 4 Bz
Im

L3 R el = B )

Rezetz

start | | |

This analysis seems to give a maximum time of 1iBrot conditions but | found 13.6ns in the comga
b_piso. The maximum speed is thus around 1/13:6¢8MHz (but this value is just an estimation)



"Systolic multiplier" chronograml used simple values to show the result, for th&tp@ multiplication |
display in decimal and for the negative one, | ubedhexadecimal display.

MName: _Value: J_ SU.IULIS 1[][].|Uus 15[].|Uus QUU.I[]us 250'.0"'5 SUU.IE]us 350.|Uus 400
= CEz 0

= Im 1

= Resetz 1 —|_|

N inininininininininininininininininininin
B A1) | D64 B4

&= B[8.1] | D64 64

S C[16.1)| DO | ) 32768 {16384} 8192 {4096 }f 2048 (1024 { 512 ) 266 ¥ 128 % 64 ¥ 32 ¥ 16 § 8 3277216386} 8193 4096

- Halt 0 [
E multiplier.scf - Waveform Editor

Start: ’[]Uns—‘m End: |400.0us Interval: W‘ A
MName: _Value: l 50.0us 100.0us 150.0us 200.0us 250.0us 300.0us 350.0us
w-CEz | 0 |

= m 1

= Resetz 1
= clk 0

5= A8.1] | HFF FF
&= B[B.1] | HO02 02

| Shareable External |
' Logic Array Block Logic Cells I1/0 Pins Expanders Interconnect :
EH: LC1 - LC16 Li16( 25%) 12/12(188%) 1716 6%) 6736 16%)
EB: LC17 - LC32 16/16(186%) B/12({ 66%) 3/16( 18B%)Y 28B/36( 77%)
e LC33 - LCu8 16/16{100%)  4/12{ 33%) 12/16{ 75%) 26/36{ 72%)
iD: LCAHD - LCAY 16/16(188%) 11/12{ 91%) /16 25%) 28/36( 55%)
iTutal dedicated input pins used: 274 { 58%)

iTntal 1/0 pins used: 35/48 { 72%)

' Total logic cells used: L2/64 ( 81%)

iTutal shareable expanders used: Liah { 6%)

i Total Turbo logic cells used: L2764 { B1%)

iTntal shareable expanders not available {(nfa): 16/64 { 25%)

' Average fan-in: L. 11

| Total fan-in: 266

iTntal input pins required: 2a

' Total output pins required: 17

iTutal bidirectional pins required: ]

' Total logic cells required: 52

iTntal flipflops required: CH

' Total product terms required: 188

iTutal logic cells lending parallel expanders: a

' Total shareable expanders in database: 3



...and we can see the chip selected by Maxplus:ftked limit depends also on the FPGA selected):

| %% DEUICE SUMMARY xx

iEhip! Input  Output  Bidir Shareable

 POF Device Pins Pins Pins LCs Expanders % Utilized .
Pmultiplier

: EPH7B6LLCHB-7 28 17 a 52 L 81 %

| User Pins: 20 17 0

BONUS : As | still have a few "seconds" before | return ths assignment, I've done a
simulation of the Verilog code (sometimes modifiedh Maxplus.

B rega.v - Text Editor

odule regfA{wire A , A,loadh); =
output [7:8] wire fA; |
input [7:8] A;
input loadh;
reg [7:0] wire A;

always@{negedge loadA})
wire A = hA;

endmodule
Line 1 Col 1 INS | « 3

E b_piso.v - Text Editor
odule b_piso{wire_B, B,loadB,clkB); =
output wire B;
req wire B;
input [7:8] B;
input loadB, clkB;
reg [7:-8] B_req;

always@{posedge clkB})
if{™~loadB}) begin
B reqg = B;
wire B = B_reg[8];
end
else begin
B regq[6:8] = B _req[7:1];
wire B = B_reg[8];
end

endmodule -
Line 1 Col 1 INS|«| | v ]




E reg_mult.v - Text Editor E|@|E|

module REG_mult{wire_mult, wire_ A, wire_B); =
output [7:8] wire mult;
input [7:8] wire A;
input wire B;
reg [7:8] wire mult;

always @ {wire B or wire A)
wire mult = wire B * wire f;

endmodule

Line 1 Col 1 INS|«| | v

E® adder_block.v - Text Editor E|E PE|
odule adder_block{So , mult,5i,Resetz,clkP); =«
output 3o; ]
input mult, Si, Resetz, clkP;
reg carry, So;

always@{posedge clkP}
if{™~Resetz) begin
carry = 8;
50 = @;
end
else if{Resetz)
{carry, So} = 8i + mult + carry;
endmodule

[Line 1 [Col 1 [INS|«| | v

B
B® summ.v - Text Editor f

module summ{wire S , mult,Resetz,clkP);
output wire 5;
input [7:8]mult;
input Resetz, clkP;
wire [6:8]5 int;

adder_block IHSTB{wire_5, mult[ @8], S_int[8], Resetz,
adder_block IHSTA{S int[8], mult[1], S _int[1], Resetz,
adder_block INST2{S int[1], mult[2], S_int[2], Resetz,
adder_block INST3({S int[2], mult[3], S _int[3], Resetz,
adder_block IHST4{S_int[3], mult[4], S_int[4], Resetz,
adder_block IHSTS{S int[4], mult[5], S$ int[5], Resetz,
adder_block INST&{S int[5], mult[6], S_int[6], Resetz,
adder_block INST7(S _int[6], mult[¥], S int[6], Resetz,

endmodul e

Line 1 Col 1 INS |« | |

clkP)
clkP)
c1kP)
c1kP)
clkP)
clkP)
c1kP)
c1kP)

[




E c_sipo.v - Text Editor [’Ll['glfgl
odule C_SIPD{C , HaltP,wire S ,Resetz,CEz,clkP}; (B
output [15:8]C;
output HaltP;
input wire S, clkP, Resetz, CEz;
req [15:8] C, regC;
req HaltP;

always@{posedge clkP)

if {™~Resetz) begin
regC = 16"'h800A;
HaltP = 8;

end

else begin
regC = regC>2>1;
#1 regC[15] = wire S;
HaltP = regC[A];

end

alwaysR@{CEz or reqC) begin

if(*CEZ)
C = regC;
else
C = 16'hzzzz;
end -
Line 1 Col 1 INS | 4 »
E® cntr.v - Text Editor [ZI[EI[‘S_TI
module CHTR{loadd, loadB, clkP, Halt, clkB, /foutputs &
Im, clk, Resetz, HaltP); J/inputs

ff no more cez t t 1t
output loadn, loadB, clkP, Halt, clkB;
input clk, Resetz, Im, HaltP;
reg Halt, halt_tmp;

assign loadd = Resetz & Im,
loadB = Resetz,
clkP = ~Halt & clk,
clkB = ™clk;

always@{posedge clkP) begin
if {“Resetz) halt tmp = 8;
else halt_tmp = HaltP;

end

always@{negedge clkP) begin
if {™~Resetz) Halt = B;

else Halt = halt_tmp;

end

endmodule

Line 1 Col 1 INS 4| | v[]




& systolic_multiplier.v - Text Editor EI[E|E|
module Systolic multiplier{C,Halt , A,B,Im,Resetz,CEz,c1k); |
input Im, clk, CEz, Resetz;
input [7:8] A, B;
output [15:8] C;
output Halt;
wire loadA, loadB, clkP, clkB, HaltP, wire_B, So;
wire [7:8] wire A, wire mult;

CHTR inst1{loadf,loadB,clkP, Halt,clkB, £/ outputs
Im,clk,Resetz ,HaltP); /4 inputs

regA inst2{wire_A , A,loadn);

b_piso inst3{wire_B , B,loadB,clkB);
REG_mult inst4{wire_mult , wire_A,wire_B);
summ inst5(So0 , wire_mult ,Resetz,clkP);

C_SIPD inst6(C,HaltP , So,Resetz,CEz,clkP);
endmodule

Line_10__[Col 41 |IN5|4| | v[]

SIMPLE EXAMPLE VALUES FOR THE SIMULATION:

i MAX+plus Il - c:\documents and settings\drixos\bureau\altera\systolic_multiplier - [systolic_multiplier.scf - Waveform Editor]

'ES MAX+plusII File Edit Wiew MNode Assign Utlites Options Window Help

Ni== = o M LORBEEEL FEE EEE REEZ 8
[ Ref [1.0ms 4-|->| Time: [0.0ns Interval:  |-1.0ms
A
Name: Value: 100 0us 200 Qus 300 0us 400 0us 500 0us 600 Ous 700 Qus 800 Qus
% 1 1 1 1 1 1 1 1
.P CEZ =] x =
= A DX 54
= B DX 2
C = Resetz *
G): = m X
B i S ipipisipipigisipisipigipisipigipipipininiginisl
Halt * |
C DX 128

i1 MAX+plus Il - c:\documents and settings\drixos\bureau\altera\systolic_multiplier - [systolic_multiplier.scf - Waveform Editor]

'ht MAX+plusII File Edit Wiew Node Assign Utiites Options Window Help

W= == NoREBEBLDL HEE HER TEAEE B
[ Ref |0.0ns |:|;| Time: [177.0us Interval: (177 Ous
A 0.0ns
=5 | Mame: _Value: 100.|[Ju9 QUU_IUUS BUU_IUUS 400_'[]u9 SUU]UUS EUU.IUUS TUU_IUUS BUU.IUUS
9= CEz T 0 T
= A HFF FF
== B D2 2
® = Resetz 1
9: = Im 1
i Nipigigipipigigipigipigigigipipipisipininininint
Halt 0 |
C FFFE




-----------------------------------------------------------------------------------------------------------------------------

! %% DEUICE SUMHMARY ==

' Chip/ Input  Output  Bidir Shareable

iPﬂF Device Pins Pins Pins LCs Expanders % Utilizedi
iSyStD icmultipIie

EPH7B96LLC6B-7 28 17 8 83 L BG6 %

| User Pins: 20 17 8

AS WE CAN SEE THE AUTOMATIC SYNTHESIS FROM VERILOGILES TAKES MORE PLACE
(86% OF THE SAME COMPONENT INSTRAD OF 81)

I'm really happy to have found the time to compgheeVerilog synthesis by Maxplus and the gate level
synthesis also by Maxplus. This is a good finailsabf the comparison of automatic and manual ssith |
already knew that the occupation ratio is bettegate level, but now I've seen it for real.

It would have been interesting to test the synthsigie of the behavioural component but time isHied now.

3 Conclusion

This report was a really good approacthéranual synthesis and the gate level fight. Tgel&al stays
in the delay problems, the requirement analysisthedull testing, but we have a good overviewtase.

This assignment made me discover a latickg with Maxplus simulator, Silos simulator arldaaVerilog
HDL (definitively confusing considering that I'veen VHSIC HDL last year). However, | have discodese
good overview of these complex uses, but I'm obsipgtill very far of the full potentials.

My programs are definitively not the onlgams to reach the aim and obviously, improvemedss leut
anyway, I'm really proud to have discovered a negigh technique and a new HDL, | know it also exist
SystemC, AersHDL, and more than ten or so but I still have fnget ..
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