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Sitslice IN(n-1) cirel Ny ]
e L EE LT 1 foréel a0 !
A : —\ \ : A0) B9 ALUSlce:0 [T ALUOLTI0)
B(n)=T —/ 0 | : ICIN(:L):COUT(O) :
i) {1] 1 Ky |
B(nj—T— ouT(n) B%)i ALUSlice:1 T:—’ALUOUT(:L)
B(n)—:—'? » 2 : i ¥ cnj=couryy i
K —:—»}r FA |3 : i | CIN(N—1)=COUT(N-2)E
| FlO) I A(N-1) — I
An) : B(Njcl))i ALUSlice:N-L F—{*ALUOUT(N'D
"""""""" W e
COUT(n) F cout 21
IR
Q REG_OUT(N)
REG_IN(N) 1
> Q1 D Flip-flop with
LD load enable (LD)
CLK
0 0 0 0
s_in Q D D Q D Q
1 Qo Ll Qll/l QZ Ll Q3
|— g |—> |—> 9 l_> 0
CLK
shift/hold'
Do D,y D, D,
0 0 0
s_in Q D D Q D Q
Qo |2 Q|1 Q|1 Qs
P 0 P > 3 [> 0
CLK

shift/load'



H H QN 1 N
D  of 1 D Q Qn
h i Q 2
1 s 1 N+1 _
Cmd NSRS I s | operation
N 00 hold
2 l 01 shift right
RST 10  shift left
S 11 load 04
1’ Q 1q Q 1 Q 1 Qs
T QfF— —/@T QF— —7 oI~ —7 o
CLK ~ ~ ~ ~
> Q > 0 > 0 > 3
4-bit binary ripple counter
4-bit synchronous counter
You can cascade more HAs to build a larger counter. Enable
Cout c Cc cC Cc |
HA HA HA HA
D — D Q D Qj — D Q
Qs Qs Qs Qo
= - = -
CLK (@) @) (@] T)
/CLR ]
How can you change the HA to turn the design Enable
into an Up/down counter? I
Cout c C C cC Y
X X X X M
Up/down' — — -
S ‘ E ‘ S ‘ S
— D D Q — D Q — D Q
Qs Qs Q1 Qo
> l_> > e
CLK (@) (@) (@)

/CLR



4 x 1 FIFO: Example 4 x 1 LIFO: Example

datain capacity = 4 words, each 1 bit dataout  gatain capacity = 4 words, each 1 bit data out

i
Empty =1 I——p Empty =1
il =of 1 | a0 |2 —
J
RW =0 i i — I _
/ = ' : ush/Pop’=
SR e el B i ’ N o=t Z'-’i 1 —| 1
Empty =0 1 zl H Empty =0 E T —
Front of queue (oldest word) Top oflslack (newest word)
] 1 — 1 N
RAW =0 ! Pon'= |
v 2o o] =[] el —
I - ]
E— T |
— i 1 it —_—
RW =1 ! P
Y }—-» 0 —! 0 psfFs= } ) I
i | -
I ! S
e I """""""""""" ! 5 z. 13
D_IN(N-1)
s/H SN 4 \|
: ‘p D_OUT(N-1)
CLK N~ 4 x 1 Shift Reg Q > os
1
Q=QOQ1Q2Q3
D_IN(O)
( 1
R/W' = 0 & Enable = s/H S-IN ) 41 .
1: counter counts up. CLK—> 4 x 1 Shift Reg Q¥ o s.s b_OUT©)
bits shifted. b
. T EEEL MUXes choose
Read/Write ?:)—. ¥ - the oldest word.
u/D' D_IN CLHK
Enable EN  4-bit Counter <-—
Reset LD Q
R/W' = 1 & Enable = %ﬁi D_ Full
1: counter counts 8
down. bits unshifted 83} —————— )—cmen

LIFO: Shift Register Implementation

D_IN(N-1) I ‘0" Q=Qu04,Q,Q,

S_IN S +N 4 2O, 5 ouT(N-1)
S/H SR — N -
P
CLK

L/R" " 4x1 sShift Reg <]

. o
D_IN(O) )
push: shift right (towards MSB) l 1 2(0) D_OUT(0)
pop: Shift laft (towards LSB) S/H! S_INg S_IN 4= i -
Push/Pop' L/R’ i
/Pop -|>c axishiftReg  <Jomo |
counter resets to O and keeps #words Key
S/H': Shift/Hold’
U/ . L/R" Left/Right'
Enable EN  4-bit Counter | CLK / /Rig
Reset RST Q <

Push/Pop' | Enable | Operation 8 ED_ Full
O
X o No change 2
1) |
5 T Tron S )=

1 1 Push Again, letM =4 16




H = Control signals are:
RegISter FI I e = write enable (WE)

——————— * read address B RB)

* write address (WA)
* read address A (RA)

Putting 4 registers in
a circuit that has 1

input port and two
| v
._RZ||— parallel output ports.
3

Decoder

Port A

Port B 12
ALU Input
f b
Control Function Control Function
000 | NOTA 100 Add 13 Hi_J_O/
001 AND 101 A+ 1
010 OR 110 Subtract 7 Register
011 XOR 111 A-1 | 6-120=—pt= File
4x8
Shifter
Control Function
Q0 Pass 3-50
o1 Shift left 2
10 | shift right 120
11 Pass
[¢]
13 12 11 10 9 8 7 6 5 4 3 2 1 (o] 8
| IE IWEl WA | RA | RB | ALUFuncSel IShiftCtrI | OE| 4
' 1 1
TC TLC
column A — 1102 1 oramw 1 oramx
dec
row I I
i 0 - -
H‘L L 1
TC JLC
I E 1 oramy 1 orawz
= I R I R
sense amplifier 1.2, L
>25V? - B M - <1
M sense amp  sense amp M
>2.5V? >25W?
datain
Dml DlnD
control
OE 0E
control

data out




AB AZ Ai A()

* N hits unsigned multiplicand | | 8
and multipler gives you a 2N qj tj (j 0
bits unsigned product.

+ Only (N - 1) N-bit additions are 0" A Ay A fo

required for running sum.
« Sowe just need (N - 1) x N-bit

’

adders. —|

v
HAH
0

A3 IAQ ,|A0 82
; v
BB>>1 — A j— Fa | Fa | A |
A3 AQ Al AO
L 0§ [0 )
‘ FA J— Fa J— Fa [ FA |
es
N
23 5; Se S S, S3 S, S1 S 24

The N-bit multiplicand starts in the right
half of the register and is shifted left 1 bit

on each step. | Multiplicand: A The multiplier is shifted in the
opposite direction at each step.

A 2N
L 7 Multiplier: B
> SR
Addition is
done in 2N B
. (0]
bits.
Running Sum: S > Control Test: FSM
> Wi

Control unit decides when to shift
registers A and B and when to write new
values into the register S.

2N
Algorithm starts with running sum initialised to

0. multiplicand loaded to A and multiplier
loaded to B (connections not shown here). 25

Multiplicand: A
S ultiplican

N

Addition is done in N bits (with carry)
Sum loaded to upper half of S only.

N
Running JMultiplier: B Control Test: FSM
> Sum: S I VSVFE <




1 1 1 Ox
O O O O 14 1 O 4 [Running sum] [Multiplier]
1 1 1 O multiplicand (B, = 1)
o 1 1 1 O 1 1 O 4 carry out stored, shift right
O 1 1 1 O 4 1 O
O O O O shifted zeros (B, = O)
O O 414 4 4 O 4 4 O carry out stored, shift right
O O 1 1 1 O 41 4
1 1 1 O multiplicand (B, =1)
1 O O O 1 14 O 414 4 carry out stored, shift right
1 O O O 1 1 O 41
1 1 1 O multiplicand (B, =1)
1 O 14 1 O 14 1 O 1
1 O 1 14 O 1 1 O final product
10 1 A3, 1 0 1 A3,
X 11 1 B8-1, X 1 1 1 B:-1
O0O00O0 O 00O
+ 1101 + 110 1
1112 1 0 1 11101
+ «1lel1 O 1 + olel O 1
11011 11011
+,1,1 0,1 +,0,0,1,1
101 0 1 1 wrong O O 0O O 1 1 corect
+. 0 °
001100 =

0 000 1 1%  5ucomp(1101) = 0011 << 2
a) You are asked to design a digital system, whose specification is given as;
The system counts the number of button presses that a person can do in a second.
If the system shall be implemented by an FPGA development board, like what'you did in our lab

and design project, explain how you would model the inputs and outputs of the system using
digital devices and create initial design of your system (i.e. entry stage in the design process).

|5 marks]
Solutions
Modelling 1: input — the push button and the clock signal

(1 mark)

Modelling 2: output — some kinds of displays, €.g. LEDs or 7-segment displays to show the number
of presses

(1 mark)
Entry 1: provided the design models in HDL like VHDL or Verilog
(2 marks)
Entry 2: the design is likely to be modelled as a FSM as well
(1 mark)
1) What 1s the key advantage of the bit-slicing technique in circuit construction?
(2 marks)
1) This technique allows easy expansion of the AL to an arbitrary bit width.
(2 marks)
Solution
comb_proc: process(PS)
begin
(1 mark)
Sound_Bell <=0’ - pre-assign output
Cooker_On <=*0’; -- pre-assign output

(1 mark)



VHDL code
architecture Arch Microwave Oven of Entity Microwave Oven is
type state_type is (Initial, Cooking, Stop_Cooking); -- e.g. 3 states

(2 mark)
attribute ENUM_ENCODING: STRING;
attribute ENUM_ENCODING of state_type:

(2 mark)

type is "100 010 100";

signal PS, NS: state_type;

(2 mark)

Exercises on Datapath and Contro

Qs

The following algorithm is used to count the number of consecutive 1’s in an 8-bit binary
number. Answer the following questions

i =0, Number_consecutive_1s = 0, Number_of_Bits =8
while (i < Number_of_Bits ) do {
if (i>0and Binary_Number(i) = ‘1" and Binary_Number(i-1) = 1"){
Number _consecutive_1s = Number_consecutive_1s+ 1

}
i=i+1
}

output(Number_consecutive_1s);

a) Express the algorithm in RTL/RTN. You should generate a done signal when the
algorithm finishes. In addition, you should use no more than four registers

b) The figure shows the datapath associated with the algorithm described above. Explain
the correspondence between the variables used in the algorithm and the registers
(labelled W, X, Y, and Z) in the figure

' ‘0000100’ 1
Reg W

done 8 48

ia A 8
Output

Datapath associated with the algorithm described above
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