
CSE 105 Discussion – 
Week 4
PUMPING LEMMA AND PDA



Do non-regular languages exist?
Yes! Why?

Q1: What does it mean for a language to be regular? (might have multiple right answers)

A. Finite
B. Can be recognized by an NFA/DFA
C. Can be described by a Regex

Q2: What is the cardinality of the set of all Regex over some alphabet?

A. Finite
B. Countable
C. Uncountable
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Now, the set of all languages is uncountable since it is the powerset of an infinite set.

Also note that the set of languages NFA/DFA/Regex can describe are the same!

All languages

regular

Something 
out there!



Intuitions about non-regular langs
● 0*1*

● {1^n 0^m | n, m > 1}

● {0, 00, 0000, 00000000, …}

● {0, 000, 00000, …}

● {0^n 1^m | n > m > 0}
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Pumping Lemma T/F
  

True, this is what the Pumping Lemma tells us

False, this is the converse of Pumping Lemma

False, this is the inverse of Pumping Lemma

True, this is the contrapositive of the Pumping Lemma



Proof Sketch
● Suppose a language is regular, then it must have a DFA that recognizes it.

● DFA has finite amount of states, let’s say k.

● Let s be a string of length n ≥ k.

● Suppose s is accepted, that means after n transitions, we land in an accept state.

● Though the journey to accept state, we’ve visited n+1 states including the start.

● Now, n+1 > k, so at least one state has been visited twice.

● Let’s say the we visited q_1, q_2 q_i, … q_i, … with q_i visited at least two times.

● This shows there is a cycle. We can revisit the cycle as many times as we want!

q_1 q_i q_k



Pumping Lemma – Formal Logic
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z



Pushdown Automata (PDA)
● What is the source of memory of an NFA?

○ The state it is in

○ That’s it

● Now add stack

○ we now have two sources of memory



PDA Formal Description



Compare And Contrast

 

Non-deterministic!



PDA Transition Practice
flapjs link

What are the following?:

https://flapjs.web.app/#PDAq0:710:966:40:0:1;q1:710:1348:40:0:0;q2:1024:1576:40:0:0;q3:708:1908:40:0:2;0:1:%CE%B5%CE%B5$0R:4:0:2:16~1:1:0%CE%B500R:5:-16:-26:-17~1:1:1%CE%B510R:-1:-16:-14:-1~1:2:%CE%B5%CE%B5%CE%B50R:5:33:0:29~1:2:0%CE%B5%CE%B50R:5:-24:-2:-10~1:2:1%CE%B5%CE%B50R:5:2:1:-1~2:3:%CE%B5$%CE%B50R:5:0:0:31~2:2:00%CE%B50R:10:14:29:18~2:2:11%CE%B50R:6:-15:4:14~


Convert Languages to PDA

count(s) = number of 1s in s

Sample machine

● Need to keep track of 1s in even positions and make sure 
they match the number of 1s in odd positions

● All 1s in odd positions need to come after 0s
● Empty string is allowed

https://flapjs.web.app/#PDAq0:732:1126:40:0:0;q1:664:1568:40:0:0;q2:698:1910:40:0:0;q3:736:2196:40:0:0;q4:730:846:40:0:1;q5:930:1884:40:0:2;0:1:0%CE%B5%CE%B50R:5:20:-2:5~0:1:1%CE%B510R:5:-19:-5:-25~0:5:%CE%B5$%CE%B50R:5:22:5:12~1:0:0%CE%B5%CE%B50R:5:0:-30:2~1:2:11%CE%B50R:5:0:-1:-29~2:3:0%CE%B5%CE%B50R:5:-25:0:29~2:3:1%CE%B510R:4:19:5:20~2:5:%CE%B5$%CE%B50R:5:0:16:-20~3:2:11%CE%B50R:5:0:-30:-4~4:0:%CE%B5%CE%B5$0R:5:0:1:16~


Convert Languages to PDA

flap.js link

https://flapjs.web.app/#PDAq0:732:1126:40:0:0;q1:664:1568:40:0:0;q2:698:1910:40:0:0;q3:736:2196:40:0:0;q4:730:846:40:0:1;q5:930:1884:40:0:2;0:1:0%CE%B5%CE%B50R:5:20:-2:5~0:1:1%CE%B510R:5:-19:-5:-25~0:5:%CE%B5$%CE%B50R:5:22:5:12~1:0:0%CE%B5%CE%B50R:5:0:-30:2~1:2:11%CE%B50R:5:0:-1:-29~2:3:0%CE%B5%CE%B50R:5:-25:0:29~2:3:1%CE%B510R:4:19:5:20~2:5:%CE%B5$%CE%B50R:5:0:16:-20~3:2:11%CE%B50R:5:0:-30:-4~4:0:%CE%B5%CE%B5$0R:5:0:1:16~


Decipher PDA Language
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