CS2204 DIGITAL LOGIC & STATE MACHINE DESIGN  SPRING 201

HOMEWORK I

DUE : February 23, 2012
READ : Related portions of Chapter IV.
ASSIGNMENT : There are six questions four of which are from Chapter 1V of the textbook.

Solve all homework and exam problems as shown in class and past exam solutions.
1) Solve Problem 4.6 (b).

You will obtain the minimal SOP expression. Draw the minimal circuit, assuming that double-
rail inputs are available. Remember to write down the postulate or theorem used for the expres-
sion simplification, not the number of the postulate or theorem.

2) Solve Problem 4.7 (h).

The order of the inputs on the truth table isimportant. The order is (A, B, C, D). You will show
an output column for each operator (AND, OR, NOT). Note that you will assume there is no
NOR gate in the circuit and will not simplify the expression in this question.

Draw the circuit of the original expression given in the textbook : (((A +B’) + C)’ + D)’, assum-
ing that single-rail inputs are available and with AND, OR, NOT gates. How many gate levels
does the original expression have ? Then convert the original circuit (with AND, OR, NOT) to a
minimal circuit with only NAND gates, as donein class.

3) Solve Problem 4.9 (d).

The question is asking you to obtain canonical SOP and POS expressions. Show also the missing
minterm list. The order of inputsis (W, X, Y).

4) Solve Problem 4.10 (e).

Solve it for only the canonical SOP expression. Do not obtain the canonical POS expression.
Show the minterm list.

The order of theinputsis (X, Y, Z). The expression in the problem has three terms, the last two of
which are identical. Use relevant postulates and theorems to handle that. Each term in the
expression is not canonical. Thus, they have to be expanded to include all the inputs of the func-
tion asdonein class.

5) Consider the combinational circuit with four inputs and three outputs on page 2.

(i) Obtain the truth table of the combinational circuit based on the operation table. In asingle
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a—p» msb » 22(a, b, ¢, d) Operation Table
b —p :
- zl(a b,c,d) | Z a b |Operation
K(C b gy 00| z =K
d — p —» 20(a, b, ¢, d) 01| Zz=K
10| Z=K+1
K isa2-bit 2’s Complement Binary number 11| z=K-1
Z isa3-hit 2’s Complement Binary number

sentence can you describe what this circuit does, i.e. its purpose ?

In order for K to have three bits so that it has the same bits as Z, assume that K has an invisible
third (leftmost) bit whose value is obtained via a sign extension on K. Then perform the neces-
sary operation on K. Name thisinvisible leftmost bit as“€” and show it on your truth table.

(i) Then, obtain the minterm lists of the outputs from the truth table.

(i) Then, obtain the canonical SOP expression of output z2 as shown in class.

6) Consider the Ppm term project. The graph of the playing strategy of an imaginary machine
player isasfollows:

Play on the (rightmost) largest adjacency
po%uytion (directly if equal)

Consider the following table that shows the random digit, position displays before and after the
machine player plays, whether the random digit is played directly or added, the number of adja-
cencies, the points earned by the machine player and whether the machine player plays again :

RD Displays Before Play Displays After Play D/A The EP:::; le';\chlerr1e

PD3 PD2 PD1 PDO PD3 PD2 PD1 PDO Adjacency ! Payer
(Decimal) playsagain ?

6 7 C 6 E

3 0o 3 3 3

7 F 8 8 2

2 C 0 E O

5 A 1 9 1

Assume that the code is F6. The meaning of D/A is Direct/Add which is whether the machine
player plays the random digit directly on a position or by adding to aposition. A circleisdrawn
on aposition if it is played on.

Note that the cases are independent of each other. That is, they do not necessarily follow each
other with respect to time. Work on the rows.
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RELEVANT QUESTIONSAND ANSWERS
Q1) simplify the following expression by using Switching Algebra:

abc + (abc + ac)[b(a+ c) + bc + ab]

Al) =abc+(abc+ac)ab+bc+bc+abc] —»  k(m+p)=km+kp
=aoc+ (abc+ac)lab+c+abc] —P» k(m+p)=km+kp & k+k=1& kl=k
=abc+ (abc +ac)[ab+c+ab] —B» k+km=k+m
=abc+(abc+ac)fatrc] —» k(m+p)=km+kp & k+k=1& kl=k
—abc+abc+ac —B k(m+p)=km+kp & kk=k& kk=0& k+ 0=k

—abc+ac —p» k+k=k

QZ) Consider the following switching expression :
f(a, b, ¢, d) = a(bc + bc) + (c + d) + abed + cd(a+ ac)

Simplify the expression by using Switching Algebra and then draw the corresponding 2-level AND/OR gate network,
assuming there are only single-rail inputs.

A2 f(a, b, c,d)=abc+bc)+ (C + d) + abcd + cd(a+ ac)
=a(bc + bc) + (¢ + d) + abcd + acd ————» k+km=k
=a(b(c + ¢)) + (C + d) + abcd + acd ——p-k(m + p) = km + kp
=ab+(c+d)+abcd+acd ———p» k+k=1 & kl=k
—ab+cd+abcd+acd ——— > kK+m)=km& k=k
=ab + cd(1 + ab) + acd ———p k(m + p) = km + kp

—ab+cdtacd —— p k+1=1 & kl=k
a — The minimal 2-level AND/OR
a %>O—
DL gate network contains seven gates
3 c— v ——
d— o—1 J —D f(a b, ¢, d) = ab + cd + acd
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Q3) Consider the following gate network :

(logic one) C

Simplify the gate network to obtain a minimal SOP expression, by using Switching Algebra.

D=
— f(A, B, C, D)

A3) We first write down the expression at the output of each gate to obtain the switching expression :

There is yet another
minimal expression :

A—\AB _
B— AB +AB (AB+AB)® 1 _ _ __
)) [(AB+AB)®1+ABC
A ! —> f(A, B, C, D)
B AB b
A
_ B/ —
C ABC
We then minimize the switching expression :
f(A,B,C,D)=[(AB+AB)®1]+ABC
=[k®1]+ABC p k=AB+AB
=kl+kl1+ABC p kdm=km+km
=k+ABC p-1=0&MO=0& Ml=m& Mm+0=m
=((AB)+(AB))+ABC ——» k=AB+AB
= ((AB) (AB)) +ABC ——p-(k+m) =km
=(A+B)A+B)+ABC — km)=k+m

=((A+B)A+B))+ ABC——pk=k
=AA+AB+AB+BB +ABC— k(m+p)=km+kp
=AB+AB+ABC ——— = kk=0& k+0=k

=B(A +AC) + AB p k(m+p)=km+kp
=B(A+C)+AB -k +km=k+m
=AB+BC+AB = k(m+p) =km+kp

(A B + AC + AB),
which is impossible to
notice during the sim-
plification.  The fact
that the algebra does not
enable us to redize
there are multiple mini-
mal expressions, is one
of main drawbacks of
using Switching Alge-
bra for circuit minimi-
zation.
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Q4) Simplify the following switching expression by using Switching Algebra as shownin class:

f(A,B,C,D)=((ACD) + (BT))(A + BD)) + ABC+ (AC+AC) + (ABCC + D)

Then, draw the minimal 2-level AND/OR gate network, assuming that there are double-rail inputs.

Ad)

+(BD))+

(AC

R
+
G
)]
>
>
w|
@)

C+(AC+AC)+(AB(C + D)

)(A (BD)) + ABCT + (AC)(AT)) + (AB([CD)) —m» km)=k+m& k+m=km

g
Gyl
ol

) BC)(A (BD)) + ABT + (AC)(AC)) + (AB(CD) —mKk=k

(AC
C

g

A

<)

= (ACD)B+C)(ABD)+ ABC +(A+C)A+C)+ABCD —p» (Km)
=(ACD)B+C)(A(BD)+ ABC +(A+C)(A+C)+ABCD —p»
= (ABCD+ACD)(ABD)+ABC+AA+AC+AC+CC+ABCD — - k(m+p) =km+ kp& kk =k
_>

= (ABCD + ACD)ABD) + ABC+AC+AC +ABCD kk=0 & k+0=k

= (AABBCDD + AABCDD) + ABC+AC+ AC+ABCD —p» k(im+p)=km+kp
=ABC+AC+AC+ABCD —P» kk=0 & k+t0=k& kk=k
=ABC+AC+AC—P» k+km=k Ny

_A—HI
=AC+ AT — k+km=k | C AC+AC
I e L I L)

C

Q5) Consider the following minimal SOP expression:  f(a, b, ¢,d)= bcd +ad

i) Draw the corresponding 2-level NAND-NAND gate network, assuming single-rail inputs and as done in class.
i1) Obtain the canonical SOP expression of the function algebraically as donein class.
ii1) Obtain the minterm and maxterm lists of the function.

ADB) i) Weknow that an SOP expression isimplemented by a 2-level AND-OR gate network. We also know that a
2-level AND-OR gate network isimmediately implemented by a 2-level NAND-NAND gate network.

o——D—
d ——— })—»f(a,b,c,d):bcd+ad
o p—
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ii) f(a b,c, d)=bcd+ad

=bed(a+ @) + ad(b + b)(c + ©) k+k=1& kl=k
= abcd + abed + ad(bc + be + be + b c) k(m+p) = km +kp
= abcd + abed + abed + abed + abed + ab cd k(m+p) = km +kp
= abcd + abed + abed + abed + ab cd k+k=k

i) abod  aod  aed  bod  abod fabed) = Y m(59,11,1315)
1011, 1001

1101 101, 1111 ~
9

13 flabcd) = [[M(01234678101214)

al

Q6) Consider the following expression :

f(a b, ¢, d) = (@+b) + c(d(a+ &) + (bb)) + &(ab + a+ b)d

(i) Simplify the expression to obtain the minimal SOP expression by using Switching Algebra as shown in class.

(ii) Then, draw the corresponding minimal 2-level NAND-NAND gate network, by assuming single-rail inputs.

AB6) i) The simplification to obtain the minimal SOP expression :

f(a, b, ¢, d) = (a+b) + c(d(a+ a) + (bb)) + c(ab + a+b)d
=(a+b)+c(d1+0)+c(ab+a+b)d k+ k=1& kk=0

=(a+Db)+cd+c(ab +a+b)d ki=k&k+0=Kk

=(a+b)+cd+c(b+a+b)d k+km=k+m

=(a+b)+cd+cd k+k=1&kl=Kk

=l
3l

=(ab)+cd+cd k+m=k+
k

i1) We know that an SOP expression is directly implemented by a 2-level AND-OR gate network and a 2-level AND-
OR gate network can be immediately converted to a 2-level NAND-NAND gate network :

/

! . f(a,b,c,d)=ab+cd +cd
Single-rail C ——— -
inputs d{Di.
d
e —p—
d —1
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Q7) By using atruth table, show if the following two expressions are equivalent :

AT) 3w

(a+ ((b+c) a) (a+b+0) On the output columns section, there is a column

f(a, b, ¢) = @+ ((b+c) @) 9(a b,c)=(a+b+0)

5

for each operation. The order of obtaining the out-

PFRPRRPRPROOOO|D
RPROORROO|T
RrororORO|O

1
1
1
1
0
0
0
0

T
1
1
1
0
1
1
1

PRRPRORRRO

put columns is based on the precedence rulesand is
shown by the numbered arrows.

Function f(a, b, ¢) is column 4. Function g(a, b, c)
is column 5.

Since the f(a, b, ¢) and g(a, b, ¢) columnsare not
equivalent, the two functions are not equivalent..

RPRPPOOOOO
RPRRRPRRLRRLRO

Q8) Determineif the following two functions, y(a, b, ¢), z(a, b, c), are equivalent :

.

b — J
o=

b

2 —

i

3@3 o | 2ab,0=> m@©,12)

A8) We obtain the switching expression for they(a, b, ¢) function. In order to do that we first place the term that cor-
responds to the output of each gate and the full expression for function y(a, b, c) :

y(a b,c)=a(ab+ab+bc)

a— ab o =a((@+a+bo) k(m + p) = km + kp
B D
=a((l)+bc k+k=1
_ y(a b, c) GH*Ho
— ab — =a(b+bo) KL=k
ab+ab+bc o ~
b =a(b+c) k+km=k+m
:bc =ab+ac k(m + p) = km + kp
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The minimal SOP expression can now be converted to a canonical SOP expression :

=ab(c+c)+ac(b+h) k+k=1& kl=k
=abc+abc+abc+abc k(m + p) = km + kp
=abc+abc+abc k+k=k

The above three canonical product terms correspond to minterms 1, 0 and 2, respectively :
abc+abc+abc given that
_ _ ab,c)=z@ahb,c
001 000 010 5 yabg =Y mo12| zabo = Y mo12) pY@bo=zabg

~" ~_“"
1 0 2

Q9) Consider the following combinational circuit with four inputs and two outputs :

a_mP o K isa4-bit 2’s Complement Binary number
K . » y=1ifK>(3)
d— o —z@ab,cd z=1if K < (-B)1

(i) Obtain thetruth table of the circuit based on the textual input/output relationship.
(ii) Then, obtain the minterm lists of the outputs from the truth table.
(iii) Then, obtain the canonical SOP expression of output y(a, b, ¢, d) as shown in class.

A9) The truth table and the minterm lists::

K = TheMinterm lists:
A abed|y 2 : b, c, d 4,5,6,7
0 | 0jo000|0 O ¢ y@b.cd) = ym567)
1 |} ljooorjo o = z(a, b, c,d) = ¥m(8, 9, 10)
2 | 2|o0010/0 O i
-------- 3_______?’____Q_Q_:_I._;I_____O___Q___ E (AR R R R RN RN R RN R RN RN RN AR RN RN RN RERERTN
4 410100(1 ©
5 5/0101(1 O = The canonical SOP expression for y(a, b, c, d) :
6 6|0110|1 0 £
A 7]011141 0 ¢ 4 S 6 [
-8 8l1000l0 1 E 0100 0101 0110 0111
e B L abcd | abcd | abcd | abcd
-6 |10|1010(0 1 2 AN s
.5 |1i1011]0 0 & ~N
-4 12111000 0 £ I e
= ab,c,d=abcd + abcd +abcd+abcd
-3 [13|1101(0 O v )
2 |1]1110|0 O :
-1 |15(1111|0 O :
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Q10) The black-box view and purpose of a special purpose comparator circuit are shown below :

K isa4-bit unsigned binary number

amsb

K([Po—> — y(a b, c d) o
c — y=1if Kisequal toOor 4 or 6 or
d— 10o0r12or 15

i) Obtain the truth table of the function y(a, b, ¢, d) asdonein class.
i) Obtain the minterm list of the function as done in class.

iii) Consider the following minimal SOP expression :
f(a,b,c,d)=ad+ad

Prove/disprove if function f(a, b, ¢, d) is equivalent to function y(a, b, c, d) by first obtaining the truth table of f(a, b,
¢, d) asdonein class and then the minterm list of f(a, b, ¢, d) from itstruth table.

A10) Truth tables and minterm lists:

abcd]| y(ab,c,d)
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
10 1010
11 1011
121100
131101
14 1110
151111

ol
ol

ol
ol
RPOROROROOROROROR|E

8

The Minterm list :
y(ab,c,d) = > m(0,4,6,10,12,15)

The minterm list for f(a, b, ¢, d) :
f(ab,cd) = 2m(0,2,4,6,9,11,13,15)

©oo~No P N O

Since the two functions do NOT
have identical minterm lists, they
are NOT equivalent to each other !

ORrOROROROROROROR A
rOrOROROOOOOOCOOOR

OCOO0OO0OO0OOORRRRRERPRERRERE DI
[ecleolololololololo) Jol Jol Yok

1
0
0
0
1
0
1
0
0
0
1
0
1
0
0
1

Q11) Consider the combinational circuit with four inputs and four outputs below.

(i) Obtain the truth table of the combinational circuit based on the textual input/output relationship.
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™D o 73(a, b, ¢, d)
L 72(a, b, C, d)
L z1(a, b, c,d)
——p» 20(a, b, c, d)

Gisa3-hit 2’s Complement Binary number
Z isa4-bit 2’s Complement Binary number

Ifa=0thenZ=G-1
dseZ=G+1

In order for G to have four bits so that it has the same bits as Z, assume that G has an invisible fourth (leftmost) bit
whose value is obtained viaa sign extension on G. Then perform the necessary operation on G. Namethisinvisible

leftmost bit as“e” and show it on your truth table.

(ii) Then, obtain the minterm lists of the outputs from the truth table.

(iii) Then, obtain the canonical SOP expression of output z3 as shown in class.

A11) Thetruth table, the minterm lists and the canonical SOP expression :

G Z

~— —

G Z a bcd|e z32z2 z1 z0
0 100 000/0 111 1
1 0| 1|0 001{0 000 O
2 1|20 010/0 000 1
3.2 |3loo011l0 001 0
4 5|40 100|1 1 0 1 1
-3 4| 5(0 101|1 11 0 O
2 -3 | 6|0 110|1 1 1 0 1
-1 2| 7/0 1111 1 11 O
0 1| 8|1 000[{0 000 1
1 2|91 001|0 0010
2 3 |10|1 010/0 0 0 1 1
3 4 (111 012|/0 01 0 O
4 37121 1001 110 1
-3 -2 |(183]1 101|212 1110
2 -1 |(¥|1 110|212 1111
-1 o0 |15/1 111|121 0 0 O O

z3(a, b,c,dy=abcd+abcd +

TheMinterm lists:
z3(ab,cd) = Y m(0,4,5,6,7, 12,13, 14)
22(ab,cd) = ¥ m(0,5,6,7, 11, 12, 13, 14)
zl(ab,cd) = Y m(0,3,4,7,9, 10,13, 14)
z0(ab,cd) = Y m(0, 2 4,6,8, 10, 12, 14)

The canonical SOP expression for z3:

0 4 5 6
0000 0100 0101 0110
abcd abcd abcd abcd

7 12 13 14
0111 1100 1011 1110
abcd abcd abcd abcd

+abcd+ abcd +abcd+ abcd+abcd

ol
(o
Ol
o

Q12) Consider the combinational circuit with four inputs and three outputs below.

(i) Obtain the truth table of the circuit based on the operation table.
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: ab Operation
éofns;eeits t? > valid(a, b, ¢, d) 0 O|R:K+1;valid:0ifoverflow
Binary - msb b. ¢ d 0 1/R=K-1;vaid=0if overflow
numbers K(C&P yab.c.d R]J10|y=d;z=c;vaid=1
d—p! [—®Zabcq 11|y=d;z=0;vadid=1

(ii) Then, obtain the minterm lists of the outputs from the truth table.

(iii) Then, obtain the canonical SOP expression of output z(a, b, ¢, d) as shown in class.

A12) Thetruth table and the minterm lists :

K = TheMinterm lists:
K abcd |vaidy z & _
0 0looool1 o1 E valid(a, b, c,d) = Zm(O, 2,3,4,57,8,9, 10,11, 12, 13, 14, 15)
1 | 1|o001|l0 10 i y(@@b,cd =Ym( 24709 11,13, 15)
2 | 2|o0010|1 11 £
1 | 3lo011l1 o0 © z(a, b, c,d) = ¥ m(0, 2, 4,6, 10, 11)
6 ------ 4_- ____6_i__0__0____i _____ -J--:-I- ; AR R RN RN RN R R R R R R R R RN RN R R RN RN RN RN RN RN RERE]]
1| 5{o101)1 o0 The canonical SOP expression for z(a, b, c, d) :
2 | 6/0110|0 01 i
A |7]o111]1 10 : 0 2 4
0 | 8/1000|1 00 = 0000 0010 0100
1 | 910011 10 ¢ e = — ==
2 |10| 10101 01 i abcd abed abed
S o ||
: 0110 1010
1 11811011 10 ¢ o 1011
2 |14|1110|1 o00 abcd abcd abed
1 15| 11111 10 § N
: z(a,b,c,dy=abcd+abcd+ abcd +abcd+abcd+abcd
Q13) Consider the following combinational circuit with four inputs and four outputs :
msb ;
K&Rae2s a— | [—®w@bcd g g|R C:f?at'(;? Y
= - K (negate

Complement ——p»X(a, b, c,d ]

oy > e 0 1|R=2*K (twotimesK)

numbers K(C ' yab.e.d 1 0|R=4*K (four timesK)

d— [—2zabcd 11|R=K*K (K timesK)

(i) Obtain the truth table of the circuit based on the operation table. Use sign extensionsto obtain 4 bits of R from 2
bits of K as done in the homework.
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(i) Then, obtain the minterm lists of the outputs from the truth table.

(iif) Then, obtain the canonical SOP expression of output z(a, b, ¢, d) asshown in class.

A13) Thetruth table and the minterm lists :

TheMinterm lists:

K .
~ H
K abcd |e f|w xy z % w(a, b,c,d) = ¥Ym(1,6,7,10,11)
0O | 0|oooo|00|/0 00O =
1 | 1]o001]oo0|1 111 i X(@, b, c,d) = ¥m(1,6,7,9,11, 14)
B} 2 :
i 3 00101 1{0 010 : y(a b, c d) = 2m(1,2,5,7)
i 00111 1/0. 001 :
0 4101000 0/0 000 £ z(a, b, c,d) = ¥ m(1, 3,13, 15)
1 5/0101|0 0|0 010 =
_2 6 0110 1 1 1 1 0 0 E IIIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1| 7{o111|11]1 110 The canonical SOP expression for z(a, b, ¢, d) :
2 21000000000§ 1 3 13 15
1001|0 0|0 100 = —_—
: 0011 1101
2 110|1010(1 1|1 000 § 0001 - _ tiid
-1 ]11]1011(1.1[1 100 ¢ abcd abcd abed | 4pcq
0 (12)1100|00{0 000 i N %
1 |13l1101{00/0 001 ¢ NS
2 14|1110|1 1/0 100 = o _
1 |1501111(1 1|0 001 z(a,b,c,d)=abcd+abcd+ abcd +abcd

Since input K has two bits and output R has 4 bits, we sign extend input K by two bits. These new leftmost two bits
of K are“e” and “f” and their values are shown on the truth table above.

Q14) consider the Ppm term project. The flowchart of the playing strategy of amachine player is as follows::

Play on the rightmost largest adjacency
position (directly if equal)

Largest regular revardis<5?
‘y
Play on the rightmost largest regular Skip
reward points position (directly if equal)

Consider the following table that shows the random digit, position displays before and after the machine glayer
plays, whether the random digit is played di rectI?/ or added, the number of adjacencies, the points earned by the
machine player and whether the machine player playsagain :
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Assume that the code is 44. The first row shows how the random digit is played by the machine player. A circleis
drawn on a position if it is played on. The meaning of D/A is Direct/Add which is whether the player plays the ran-
dom digit directly on aposition or by adding to aposition. Note that the cases are independent of each other. That
is, they do not necessarily follow each other with respect to time. Continue with the remaining rows.

A14)
RD Displays Before Play Displays After Play DIA _The Points Earned Machine pl ayer
PD3 PD2 PD1 PDO PD3 PD2 PD1 PDO Adjacency (Decimal) playsagain

8 C 4 C 4 c(©9c 4 A 2 48 Yes

9 E 5 9 9 EC) 9 9 D 2 36 Yes

3 F F F F F F F F Skip Skip Skip Skip

1 6 A A 1 6 A @ 1 D 1 2 Yes

4 E A 4 A E A 4 @ D 1 76 Yes

7 7 7 7 E 707 7 @ D 3 56 Yes

Note that the machine player does not check for code digits and so misses alarge reward point on row 1. The random
digit on thisrow enableit to play a code digit. The machine player earns alarge amount of reward points on row 5 by
playing code digit accidentally.

Q15) Consider the Ppm term project. The flowchart of the playing strategy of an imaginary machine player is
below.

Consider the table below that shows the random digit, position displays before and after the machine player plays,
whether the random digit is played directly or added, the number of adjacencies, the points earned by the machine
player and whether the machine player plays again.

Assume that the code is E2. Thefirst row shows how the random digit is played by the machine player. A circleis
drawn on a position if it is played on. The meaning of D/A is Direct/Add which is whether the player plays the ran-
dom digit directly on aposition or by adding to a position.

Polytechnic Institute of NYU Page 13 of 14 CS2204 Handout No: 3 February 7, 2012




Play on the rightmost largest regular
reward position (directly if equal)

Play on the rightmost largest adjacency

Play on the rightmost largest

position (directly if equal) display position directly
RD Displays Before Play Displays After Play D/A _The EPaori r?; Mp?;;](i:e
PD3 PD2 PD1 PDO PD3 PD2 PD1 PDO Adjacency (Decimal) olays again
4 A C 4 3 A Cc 43 D 1 8 Yes
2 8 6 2 F
0 F 1 E 1
9 E F 5 C
7 F 9 7 2
8 2 E 6 2

Note that the cases are independent of each other. That is, they do not necessarily follow each other with respect to
time. Continuewith the remaining rows.

A15)

rp | Displays Before Play Displays After Play | 1 The Eg:r?; Mpglge
PD3 PD2 PD1 PDO PD3 PD2 PD1 PDO Adiacency | pecima) | plays again

4 A C 4 3 A C 4 @ D 1 8 Yes

2 8 6 2 F 8 6 2(2) | D 1 20 Yes

0 F 1 E 1 (A1 e 1 A 0 15 No

9 E F 5 C E F 5() | D ! 10 e

7 F 9 7 2 F 9 7 @ D 1 14 Yes

8 2 E 6 2 2 e ()2 A ! 2 e

The machine player strategy does not check for code digits and so misses to earn code reward points when the ran-
dom digit is 9 and 0 above. On the other hand, by chance it earns code reward points when the random digit is 2 and

8 above
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