Overview

& Last lecture

m Introduction to finite-state machines
¥ Example: A sequence detector FSM
¥ Example: A vending machine FSM

¢ Today

m A bigger example
¥ Ant-brain FSM
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Ant In @ maze

& Electronic ant, electronic maze
m Design the ant

exit 127.127
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Example: ant brain (Ward, MIT)

¢ Sensors: L and R antennae, 1 if in touching wall

& Actuators: F - forward step, TL/TR - turn left/right
slightly

¢ Goal: find way out of maze 8
& Strategy: keep the wall on the right
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Example: ant brain (special case 1)

¢ Left (L) Antenna touching the wall
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Example: ant brain (special case 2)

& Ant Lost
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Example: ant brain (special case 2)

¢ Ant Lost (another example
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Ant behavior

B: Following wall, not touching
Go forward, turning right
slightly

A: Following wall, touching
Go forward, turning
left slightly

<

. D: Hit wall again
C: Break in wall Back to stgate A
Go forward, turning
right slightly
& E: Wall in front F: ...we are here, same as

Turn left until... state B

LOST: Forward until we G: Turn left until...

8 touch something
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Goal: Find a way out of maze

& Sensors on L and R antennae

m Sensor = 1" if touching wall; “0” if not touching wall
L'R'=no wall
 L'R = wall on right
K LR' =wall on left
LR =wallin front
K *** = exit

¢ Movement:
m F =forward one step
m TL = turn left 90 degrees
m TR = turn right 90 degrees

CSE370, Lecture 23



Notes & strategy

& Notes
m Maze has no islands
m Corridors are wider than ant
s Don’t worry about startup
s Assume a Moore machine
m Assume D flip-flops

¢ Strategy
m Partition your design into datapath and control

m Keep the wall on the right
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The ant’s behavior

Go forward

exit

Reset
Done Flag

S1: Right antenna touching /
8

S3: Left antenna touching
Turn left
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S2: Break in wall
Turn right

v

O

/
é SO:

Lost
Go forward




The maze

¢ Virtual maze

m 128 x 128 grid
¥ Stored in memory
¥ 16384 8-bit words

m YXis maze addresses

¥ Xis the ant’s horizontal position (7 bits)
K Yis the ant’s vertical position (7 bits)

s Each memory location says
¥ 00000001 = No wall
¥ 00000010 = North wall
¥ 00000100 = West wall
¥ 00001000 = South wall
¥ 00010000 = East wall
¥ 00100000 = Exit
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Can have multiple walls
Example: 00001100

— Walls on South and East
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Where do you start???

Don’t look ahead
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What you need

& An FSM for the ant

m 3 outputs
¥ Go forward
K Turn left
¥ Turn right

& Two 7-bit registers for Xand Y
s With preload, increment, decrement

¢ A register to hold the ant’s heading

¢ Logic to convert memory data to antennae info
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Recommendations

& /-bit counters for X, Y

m Move horizontally: Increment or decrement X
s Move vertically: Increment or decrement Y

¢ Shift register for heading
m N: 0001

m W: 0010

m S: 0100

m E: 1000

m Rotate right when ant turns right
m Rotate left when ant turns left

4 Combinational logic for antennae decoder
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Partition the design

— Forward
Ant-Brain - L__y Turn right Antennae [ > SRAM {—p Maze
FSM logic —»R Data
— Turn left
Increment —»
— North Decrement—{ X counter >
Heading — South Preload —p SRAM Address
(shift register) — East Increment —
—» West Decrement —p Y counter —>
Preload —p
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Design the ant-brain FSM

State diagram and state-transition table
State minimization
State assignment (or state encoding)

Minimize next-state logic

A o A

Implement the design

CSE370, Lecture 23
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Step 1a: State diagram

S1: Right antenna touching L’ R’
Go forward e

L' R

exit

Reset
Done Flag

8/

S3: Left antenna touching
Turn left
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S2: Break in wall
Turn right

v

O
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SO:

Lost
Go forward




Step 1b: State-transition table

Exit State L R Next State  Output

1 Reset

0 SO 00 SO F
01 S1 F
10 S3 F
11 S3 F

0 S1 00 S2 F
01 S1 F
10 S3 F
11 S3 F

0 S2 00 SO TR
01 SO TR
10 SO TR
11 SO TR

0 S3 00 S1 TL
01 S1 TL
10 S3 TL
11 S3 TL
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Step 2: State minimization

& Two states are equivalent if they cannot be

distinguished at the outputs of the FSM
m The outputs are the same for any input sequence

& Two conditions for two states to be equivalent
1) Outputs must be the same in both states
2) Machine must transition to equivalent states for all inputs

¢ Any equivalent states in our state diagram?
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State encoding

Step 3

F TL TR

Xt Yt

SO A 00
S1 A 00
S2 A 10
S3 A 11

OO0 OO OCO - —-—HOOOO

OO OO0 OO0 O0OO0OCO0O H "

ke R R R R e feoleololololeoloeoNo)

O 11O —"—"1 100000 " v

OCOrr OO0 O0C0O0O0O0O

XY L R

Exit

Or-rHI O OO OO OO i
OO rHOO A OO A OOHH

oo 0000 — — —
(7))

%0000000011111111

— O o o o
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Minimize the logic

Step 4

Y+

X+

0/0]1]0

1{1(1]0
1{1(1]0
1{1(1]0

011010

0/0]0]0

1 ({110
1{1]1]0

TR

TL

0|0]0]1

0|0]0]1

0|0]0]1

0|0]0 |1

0|0]1]0

010110

0|0]1]0

111100
11110]0
111100
1111010

Y
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Step 5: Implement the design

Ant-Brain FSM

F =X
TL = XY
TR = XY’

X+ = LY+LX'+XYR'
Y+ = XY+X'R+X'L

—» Forward

Turn
right

Turn
left

T

L R

Turn Turn
right left

vy

Heading
(shift register)

L » North
——p South
— East

— \West
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SRAM
Address

Maze
Data — L
SRAM \ Anten_nae
logic —> R
NS E W
Forward —p|
East —p L
West X counter
Preload —p SRAM Address
Forward —» >
North —»
Y counter
South —p
Preload —p
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Antennae logic

m Each memory location says Logic for right antennae
00000001 = No wall R = NW(N + W) +
& 00000010 = North wall (NW) WW(W + S) +

& 00000100 = West wall (WW)
¢ 00001000 = South wall (SW) SW(S +E) +
00010000 = East wall (EW) EW(E + N)
& 00100000 = Exit

Logic for left antennae

= The ant can be heading L = NW(N + E) +
¥ N: 0001
¢ W: 0010 WW(W + N) +
S: 0100 _ SW(S + W) +
Gate count:
¥ E: 1000
4 2-input ORs EW(E +5)
8 2-input ANDs
2 4-input ORs
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What we left out...

¢ Crumbs in cell
m Ant eats crumbs in every cell it visits
s Writes crumb file back to SRAM
s Read crumb file, display on monitor

¢ Need a memory controller
m A state machine to talk to the SRAM

¢ Need to deal with startup, exit states

CSE370, Lecture 23
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W24257A W24257A

@- Winbond {itinbond

Electranies Corp,

2K > 8§ HIGH SPEED CMOS STATIC RAM DC CHARACTERISTICS
Absolute Maxi R ati
GENERAL DESCRIPTION s e
. ) . ) . PARAMETER RATING UNIT
The W2425TA is a hiah speed, low power CMOS static RAM organzed as 32768 = O bits that -
cperates an a single S-volt power supply. This dewice is manufactured using Winbard's high Supply Voltage to Wes Potential -0.5ta +7.0 W
performance CMOS technalagy. InputiOutput ta Vss Potertial -0.5t0 VDD +0.5 W
FEATURES Allwrable Ponwer Dissipation 1.0 W
) _ _ ) . Starage Termperature -G8 ta +150 2z
+ Hgh speed access timme: 1T0M 2015020 n3 (max)  + All inputs and outputs directly TTL compatible -
. Operating Temperature Ot +70 o
+ Low power consurmption: + Three-state outputs - . . . m—
_ Botive: 400 mdV [typ.) . Awailable packages: 28-pin 300 mil S0, 330 dN;vle\;_@c:el-E;q:osuretDcordthrs bevond those Eed under Absolue Mectirum Ratings ey adwersel asfiect the lie and elzbilly of the
+ Dinole 40V power supply mil 30F, skinny DIP and standard type ane
« Fully static aperation TSOP (8 mm > 13.4 mm TRUTH TABLE
PIN CONFIGURATIONS BLOCK DIAGRAM C5 | OF | WE MODE Wol-108 Vo0 CURRENT
H X X Mot Selected High £ lsk, 15B1
Vo= L H H Output Disable High £ ]3]
sz
B _ L L H | Read Data Out Ion
megie e he “ L X L | write Data In Ioo
e b Ll " | cecoDER—
Lo w [0 e : f?;f\‘
L= [ m Ald— OPERATING CHARACTERISTICS
igi " g o [ (Voo = 108, Vss =0, Ta = 0o TR G}
el g 2= — H PARAMETER Sl TEST CONDITIOMNS MM, | TP, UL UMIT
e[ o 2 [ aw GE |
M = = e Input Low Moltage iL - -5 - +0.8 W
> w e o€ —|CONTROLL :
= 1 [0 e = B o Input High Yaltage WiH - +2.2 - Voo +0E ] W
(L= B T} # [ wr WE | I —
e o 12 v B e Input Leakage Current | 1L WM = WEsta VDD -10 - +10 A,
=N T ® [ we Qutput Leakage Lo VIO = WES to VDD, TS = WH -10 - +10 WA,
Ve O 14 = [0 e Current wr OE =V or WE = ViL
PIN DESCRIPTION Output Low Voltage WoL | lou=+8.0 ma - - 0.4 W
= o L a SYMBOL DESCRIPTION Dutput High Valtage WoH | 1oH = -4.0 mbs 24 - - W
Aﬁ E % E % AD-A14 Address Inputs Operatite Power lob | TS =viL 110 = 0 ma 10 . B 170 =y
wEi sgn 11 U010 | Data InputsfOutputs Supply Current Cyele = MIN 12 | - - 160 ek,
SR ' 1B i = Chip Select Input Duty = 100%, 15 160 ik,
o =
EE g = WE Write Enable Input 20 - - 140 rnd,
= B —
Mem F & OF Output Enable [nput Starcdby Power lse | 5 =viH - - 30 it
VDD Power Supphy Supply Current gcle= Wi, Duty = 10085
\as Graund 1521 | TF = Voo -0.2V - - 10 A

hlcte: Typical o hamcterstics ae =t Voo = W, Ta =25 G

CSE370, Lecture 23

N
(O]



W24257A
fi¥inbond
CAPACITANCE
(Voo = 59, Ta = 255G, f= 1 MHz)
PARAMETER. SYM CONDITIONS MAX. UHIT
Input Capacitance Cin Win = 0V 8 pF
|nput/Output Capacitance Clo Vout = o 10 pF
hiote: These pammetkers ame sampled but pot 100% Esed.
THERMAL RESISTANCE
PARAMETER. SYM CONDITIONS MAX., | UMIT
Jurction to Case Thermal Resistance e | A F R ="1mse:, Ta=25C 0 et
Jurctian o Armbient Thermal om | & F R =1mfse, Ta= 25 C i) et
Fesistance

AC TEST CONDITIONS

hiote: These pammmeters am only applied o " TS0 F" and " 500" package tepes.

PARAMETER CONDITIONS
Input Pulse Lewvels 0V o 3
Input Fise and Fall Times 5n3
Input and Output Timing Reference Level 1.8v

{Civinbond

W24257A

AC CHARACTERISTICS
(Voo = SW£10%, ¥ss =0V, Ta=0 40 70° G

Output Laed

CL=30pF, loHNoL = -4 mAJSS mb
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Read Cycle
PARLMETER SvM. | wed42ire-10 W242370-12 | W242578-15 W242570-20 | UMNIT
MIN, [ MAE ] MIN. | MAE. | MIN | MAE | MIN. | MoK,

Resd Cwek Time TRz 10 12 16 20 ns
Address Access Time Tan, o 12 15 20 ns
hip Salect Azcass Time Tocs 0 12 15 o nS
Cutput Ermble bo O uput Valid TwoE g 5 7 0 ns
hip Salecton o Cutput in Low Z Taz* 3 3 3 3 nS
Crutput Erable o Cutput in Low 2 Taz* o] o] o] o] nS
Chip Deszlection o OutputinHigh 2 | 1o % g =] 7 10 =3
Cutput Disable © Cutput in High 2 Tore* 3 g 7 ] ns
Ongtput Hold fmo i Address Change Ton 2 2 2 2 ns

* These pamnekers ae sampled but not 100% esied.

Write Cycle

FORAMETER Y. | WE42STA-0 WEd25T0 12 WEAZITA -1 Wi2423TA-20 | UNIT
MIN, [ MBE. | MIMN. | MAE. | MIMN. | MK | MIN. | MAE.

Wiritz Gz le Tirme T 0 1z 18 e} ns
Zhip Selection to End of Write Tow o 0 12 17 ns
Address VWalid to Endof Wrike Taw o 0 12 17 =3
Address S=tup Time Tes u} o o o ns
Witz Putse Width Twr o 0 10 12 =3
Wrike Fecoweny Time e ) WE Twr u} o o o ns
D=ta Yalid © End of Vinte Tow -] 7 9 0 =3
D=t Hol from End of Wine: ToH o Ju] Ju] Ju] ns
Wiritz to Cotpatt in High 2 Tumz* -] 7 -] 10 =3
Cutput Dissble 0 Outputin High 2 Tore* & T g 0 nS
Output Actiee fromn End of Wiite Tow Ju] o o 8] ns

* These pamnekers ae sampled but not 100% esied.
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W24257A W24257A

T N r 1
fCitinbond C#inbond
TIMING WAYEF ORMS Tirving Wsveforme, continued
Read Cycle 1 Write Cycle 1

{OE Clock)

(Address Controlled)

TG |

fddass = - >< *
e — E = = Z7777A TR
XXX R NN\ \N iy 7777 7 s T

WE ans R —-{

Read Cycle2 i)
{Chip Select Controlled) man w

(=] ] rﬁ-—
= ANANNY 277777
f—  Tu= — L_
Dour l— Touz TCHT
m i_ WWrite Cycle 2
(OE = VL Fixed)

Read Cycle 3 " Twe _,k
{Output Enable Controlled) tddross

—~ ™ 7 M TwHZ e 2 13
AN RN 1NV e o [T
Tu:s_. Z =ﬂHszz _Jﬁ
Do Toz ( )( _

1. Druring the perod, W2 pins e inthe output st=de, so input =ignaks of oppos be phass © the outputs should ot be appled.
2. T he data cutput from Dour ae the same == e data withen o Din during thewrie aclke.

3. Do provides the read deta forthe necd sddess.

4, Trarsition & messued 2500 my from stesdy stzle with G = & pF. This premeter & guaantesd but not 100% teshad,
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