CS2204 DIGITAL LOGIC & STATE MACHINE DESIGN  FALL 2011

DIGITAL SYSTEM DESIGN EXAMPLE

A Vending Machine Controller

We will design a vending machine controller as a digital system by using the finite state machine (FSM) technique.
The design is done through seven steps as discussed in class and in the lab.

1) The black-box view and the textual input/output relationship
A vending machine, by means of its controller, delivers gums and chips, both costing 35 cents. One can input only
Dimes (10 cents) and Nickels (5 cents). Thereisno Coin Return button.

Amount Inputs Outputs
D> —
D : Dimeisinput Amount shown on two 7-segment display :
N —» — DG N : Nickel isinput 1) Value of gum and chips (35 cents) or
G : Gum is selected 2) The coininput so far
GC—> - DC C: Chipsisselected | DG : Ddliver Gum
DC : Déliver chips
C—» . RetCoin : Return 5 cents
—t /*\ RetCoin
clock Textual Input/Output Relationship
After receiving the necessary amount (35 cents or 40 cents) and the
selectionis made, deliver gum or chips and if necessary return 5 cents

2) Obtain the operation diagram from the black-box view and the textual input/output rela-
tionship

0o C )

(R@et & show 35 cents

2 O SumLT35cents 3
Wait & show amount
\_/'
N

N
5
4 O 9%‘\6

(Wait & show amount)

Deliver gum & return Deliver chips & return
coin if necessary G C coin if necessary
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3) Obtain the high-level state diagram from the operation diagram

1

Amount = 35

A<— A+10 2
Amount = A

Amount = A

Aa— A+5
Amount = A

7 s )

5 < Amount = A
DG=1 DC=1
If GT then RetCoin=1 G C If GT then RetCoin=1
Amount = A Amount = A

4) Obtain the datapath from the high-level state diagram

10
6 6 5 cl r\Store\‘ v $ 6 35
1 0 Dime R L D A B
/5 6-bit 2-to-1 MUX |4~ A c 1 6-bit Unsigned
Sel Q N Binary comparator
Enable 6 clock
AGTB ALTB
6
6-bit ADD
6 Gr Y vy LT
35 \j/_/
6 6 These two signals are status
signals used by the Control Unit
0 1 Coin
6bit 2oL MUX 4 ,
s Sel /—> RetCoin
; ScentRet /—> DG
\ OpenG
6-bit Unsigned Binary to P — DC
2 7-segment displays Decoder OpenC
14 These three signals are control signals
Amount generated by the Control Unit
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5) Obtain the low-level state diagram from the high-level state diagram and datapath

0 C )

Store=1
Dime=1
Coin=1
Enable=1

Coin=1

s )
¥
&» COin - 1
5 Enable=0 6
OpenG=1 OpenC=1
If GT the 5centRet = 1 G C If GT the 5centRet = 1
Coin=1 Coin=1

6) Decide about hardwiring ver sus microprogramming

The control unit is one of the two major parts of adigital system :

Other digital systems/ Registers @ Buses Data Unit
Input/Output devices [ (Datapath)
\

]
trol signals > Control Unit

J
B

status signals

Y S -

We will decide whether we will use hardwiring or microprogramming to implement the control unit !

4>

5 —

Status signals

(From the Data Unit)

Control signals
A (To the Data Unit)

Control signal and
next state value

generation circuits >

Next

State &

Load
State

A Load signal needs to be generated to load the state register when needed, i.e. in a specific clock period.
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We observe that the control unit has six status signals and eight control signals:

Datapath

Dime
Enable

Clr 5centRet OpenC
Sore Coin OpenG

Control Unit

Since the vending machine controller is asimple digital system, we decide to use hardwiring.

6

- Control unit

8
Status signals e

Hardwired Control signals
clock —p}>

1

Control signals A

8

Gate & FF Networks

Satussignals

clock _‘7 State *4
‘t Register

7) Implement the control unit based on the low-level state diagram and using har dwiring

a) We separate the decoder from the other logic in the cloud :

Satussignals

A Control signals

6 8
Next
Sate &
L oad
4
Current
Sate
clock—5> gate
—t Register
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b) We partition the cloud of gate and FF networksto two parts :
Control signals

Satussignals Control signal

generation

Next state
generation

Next
Sate &
L oad

clock — > State <
Register

¢) We have to decide if we want to use a counter or aregister to keep track of the state. The decision will depend on
the state transitions. We observe that we do not trace the states sequentially as 0, 1, 2, 3,.... We trace them by skip-
ping states often. Therefore, it will not help usif we use acounter. We will use aregister. It will be a3-bit register
since we have seven states. Sinceit isa 3-bit register, the decoder is a 3-to-8 decoder :

3-bit

e B8, YT
Y6 | 6
clock —pei> C glguramt vs S5
a— | D2 Q2| 12 Va4
Nt < b—m| D1 1] 11 Y3 |53
c—»| DO Qo0 10 Y2 52
y1 Sl
Load—p| L vo —» S0

A Load input is needed to load a value to the state register when needed, i.e. in a specific clock period.

d) We will generate control signals for which we will use gate networks. In order to get the gate networks, we have
to obtain expressions :
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Control Signal Generation

Storeis1 whenitisstate 1 or 3 Sl— S Sore

Sore=S1+S3 83—/ S1+S3
Dimeis1whenitisstate 1 S1 —®Dime
Dime=S1
Clrislwhenitisstate 0 0D —CIr
Clr=50

Coinislwhenitisstatel or 2or 3or 4

Coin=S1+S2+S3+S4+S5+ 56 SO ——>>0—Cain
=30

5centRet is1 whenitis state 5 and Gt isl or state 6 and GT is 1 GT ~

5centRet = (S5 + S6)GT ] . % 5centRet

—
S 7~

OpenGis1whenitisstate 5 S5 —OpenG

OpenG =S5
OpenC is 1 whenit is state 6 S6 B OpenC

OpenC = S6

Enableis 1 whenitisstate 1 or 3, same as Store !
Enable= Sore

Store —p» Enable

€) Finally, we will generate the next state signals for which we will use gate networks. In order to get the gate net-
works, we have to obtain expressions :
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Next Sate Generation

aislwhenitisstatel and LT isOor state 3and LT isO or
state 4

a=(SL+SRYLT +A4

bislwhenitisstateOand Nis1orstatel and LT is1 or
state2and N islor state3and LT is1lor state4and Cis1

b=SON+SILT + S2N + S3LT + SAC

cislwhenitisstateOand D is1or stateOand N is1or
state2andDislorstate2and Nislor state4and Gis 1

Cc=S0D + SON + S2D + S2N + S4G

Loadisl whenitisstateOand D is1 or StateOand N is 1 or
state 1 or state 3 or state2 and D is1 or state2 and N is 1 or
state4 and Gis1or state 4 and Cis 1 or state 5 or state 6

Load = SOD + SON + S1 + S3+ S2D + S2N + S4G + SAC + S5+ S6

\;\ \¢—>a
A
D—)
N——~F SON
S1 — [
LT —— /
22— SN | \ b
N E— /’ /’f—>
Lr——
A T SAC
cC—
0 —
D—— SOD
SON —— \
\
S2 N\ S2D \
D ) /}—Pc
— 5 /
S2N — ! L/
A AG
G —7
SOD
SON —
S1— o
S2D — N\
| \\
2 —
Load

N |
e ! |
sac i,—/ /
- — /
86 PR—
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Thefull design isasfollows:

Clr  Store 6 35
* Dime \R \L D 1 A A
'I 6-bit 2- to-1 MUX 6-bit Unsigned
Q C J-— Binary comparator
Enable 6 clock
AGTB ALTB

Gr LT

v v

These two signals are status
signals used by the Control Unit

6-hit2t0-1MUX 4T
6 5centRet —p-RetCoin
OpenG —p» DG
i OpenC —p» DC

6-bit Unsigned Binary to
2 7-segment displays Decoder

These three signals are control signals

14 generated by the Control Unit
Amount
g—; > B> sore S0 —|>O—>Coin
S1 —P»Dime
3-hit SO —@Cir S6 —P-OpenC S5 —P OpenG
Sate
Register 3o-8 Y7 -
1 Decoder
ok c Current Y6 S5 st TN 0
cloc urren | ) ~
A Sate % S— )—L °
msh T
a2 Q2 12 Vit § LT >—>a © o
Next S3 )
Sate| 09| D1 QL 11 Y3 S b —E/
cE-D0  Q 10 e \
vifm=sSl N T o s
LOHj—» L Y0 -»g) Ss1 ~ G
LT —4E/‘ SN
S2 ~ S2N \\ A\
N | ; ’ s2D
N S g
. r—
Control Unit =
s4 ~ sac 4G
cC——1

Polytechnic Institute of NYU Page8 of 8 CS2204 Handout No: 15 November 1, 2011



