
CPSC 421/s01 Homework 6 solutions 2013

Individual Homework

(a) Since S" is an odd number for all n

Lindeed
,
So=

,
and 5 for ni ends in a 5) c

far any .... Ume Eve we have

D
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St
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"I mod 2 = 0

E (UmY Tm ... Fi) mad2 = 0
.

Hence it suffices to keep track of

the value of (r
,

+
...

+ Jr) mod 2 .

Since we read the input left to right ,

upon reading Up , knowing the value

of (5 , .. + Nixi) mod2 ,
we add U to

the result
,
then take the result mod I

,



to determine ( ... - + ric) mod 2

[Hse : Your solution does not need to

be so long ,
but it should include all

the main points ,
such as

(1)
,

...me - (r
,
x

-
- .

+ (m)mad2 = 0

and

(2) we can determine (5,x...+ Ji) mode

knowing I ... lmodz and I

↓ b) We have 2 states
, geven , good ,

where upon reading ... Up, we have

5
, ... ric) mod = 0 (state geven)

OR

5
, ... ric) mod2 = 1 <state good

Furthermore
,

we need to



① reject &
,

so -> O

② accept O ,
sa -> ·

xO
③ reject any other

string beginning
in O
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[Again , you don't have to be so

wordy ,
but you should explain

the role of geven , good
and of

the extra states

-bone

0
,

1
,
2

,
3

,
4

needed for the special cases

of E
,

0
,
and anything with leading

0 ..]



Group Homework 6 :

(1) (a) If a DAr
,

M
, recognizes L , ,

then by reversing the accepting/rejecting
states we recognize the complement ,

[* L
,

(b) Since the union of two regular languages
is regular (in class we explained that the

operations v
,

o
,
* preserve regularity]

,

L
,

h
, regular [

*

-2
,
S

*

hu regular

=> (S*

12
, )u([

*

<2a) is regular

How we use the fact that the

complement of (2
*
(

,)v([
*

(2)



is L
, vLz :

[It's OK to merely state this ;
a formal

proof is that

12*( ,(v([
*

(22)
= (w) we nee

So the complement is

3w/v((wer) on (wx(l) 3
remysing w) (veh . 1) One (r(webal)

= \w)(weh .) Dis(wonal]
-Linke :)

Hence (2*
2

,)U([
*

<22) is regular

> L
,
whe is regular .



<) L
.,
22 regular ->

L , *L2 regular

L
, r(2

*

(2) regular (part (b))

and L
, n (

*

(2) = L
,1hz

(Again ,
it's fine to just state the last

equality ,
but

you
should be able to

convince yourself of this and you

could write out c formal proof . I



2 (a) Assume L ,
is regular .

Since

lab
*

is regular ,
them

↳
, va

*
= Gar/nr ,

n is a

perfect roubel

must be regular (contradicting what was

discussed in class and in the handout "Hon Regular ..
")

(b) Similarly
,

↳
,

is regular ,
since

↳
,wa

*
= Gar / n is a perfect cubel

is non-regular ·

(C) If L is regular then

= h
, ~(as

*

b)
= Gaub)n is a perfectcube)



is regular ; let M be a DID for

L
. Any accepting state , q ,

of M must

look like

thing from
here must88·G reject

i
.
e

.

has
-one or more incoming edges

9 labelled "b"I - no incoming edges labelled
"a

- all
outgoing edges lead to

rejecting states
.

Hence let
'

be obtained from M by
(I deleting all edges labelled "b"

Can edge labelled "a,
"

becomes labelled "a")
and

(2) declaring M to have the

new set of final states
,
I'

,



where

qsf' iff a has an edge

9 in M

S
Then m = (a

, (a3 ,
'

, 90,f)

Iis a new DA
,
where is as above

,

and O is the restriction of o

to Gx4a3
,
and

Then for all Sehab*, we easily see that

S S is accepted
I iff Ibis accepted

by m I
Since M recognizes L' above ,

i' recognizes [ar / n is a perfect cubel
,

which is impossible .



T OTICE :
-

This year we
did not cover The

idea that if (49 ,b
*

is

regular ,
then so is (where all

b's are set to E
.

You can prove this by induction ,

varifying this for regular expressions of

the form & , 493 ,
95]

,

and then showing
that if it holds for Ri

,
R2 , then it also

holds for (R , UR2) ,
(R

,OR ,
and (R ,Y) .

However
,
this idea requires Section 1 . 3

-

>



(3) Fram M = ( G ,
S

,
&

, 90 ,

5)
,
create

an ASB M' with same alphabet [

(i) Stame states and arrows ,
with

directions reversed

(2) add one more state gextra

(3) declare go to be the only accepting
state of M

(4) put an Extransition from extra

to each state qtf ,
i . e .

each

accepting state a

Hence = Quqextra
,

E
,
! gextre ,

(903)
where o 'represents the reversed arrows

and the E-transitions from extra .



Example : 2 = 40, 13 ,

L = [WeE
*

I w begins with a lar

with 00]
0

,
1

of
->

O

00

8
-

I
C ⑧Do

8 Do
, ,

&
↳New

:

-> 0

0
,

1

E ⑭
⑧ -O
- qextra

0- La8-

a
C Ob

0
, 1

88
o
,

The reason this works is that if

WeL
,
then the path through M



can be reversed
, yielding a path

love path of possibly many through
M

.
Hence

weL - cover is accepted by M.

Conversely if U has a path in M

from qextra to go ,

then the reverse

path yields a path in the DEA I

beginning at go and ending in an

element of 1 (where M = (G
,
5

,
5

, qu,51)

(this path staps at this element of -,

since the path through M' begins with

a unique a transition to an element of f) .

Hence

Le accepted by M => urereL ;



setting wourer
,

we equivalently have

orer accepted by M
'

wiL
·

Hence

WiL wher accepted by M's
and hence in recognizes (re"



(4) (a)

-
(b)

->
--

(C) Initial state = all states reachable

from go with an transition
.

Since there are no sarrows from 90 ,

initial state = 490]
since got 9 ,

1903 = (90 , 9 .3 C in reis n
S-transition to Go

4903
I
from 90
I

(since no arrows labeled b leave qu)



4 =0 &= 4 (always)

Similarly

590 , 9 , 3 = 990 , 9.3

only barrow from
(90 , 9 , 3= 490 , 92] C

9 , to qu
I190 , 9 ,

takes

(9-1923 = 490 , 9:3

(90 , 93 0

Since no new sets have arisen
,

we can

put this together

-> 99i3
- 99093

is a

as
E

3
93



Since the final states in (b) are all

of 90 , 9 .. 92 , the final states are

any non-empty set , yielding

a ⑧G a

-> (90 ,91}⑧ Dx- 4903 b

a
⑧↳b ⑧-190 , 923

20
b


