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Announcements

* Creative Project 2 is out, due Wednesday, May 14
- Focused on recursion!

* Resubmission Cycle 3 closes tonight (Friday, May 9)
- PO, C1 eligible

* The CSE 12x/14x TA application is now open for Spring 2025!

CSE 123 Spring 2025


https://courses.cs.washington.edu/courses/cse14x/ta/
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Password Cracker

* Now, what if we knew the sum of all digits was 5?

({$2)

ﬂ'e)) \_ﬂ'l)’ ((2).’ ((3)) ((4)) ((5)) ﬂ'6).’ ﬂ'7)J ((8)) ('(9))

ﬂ'@@)) ((@1)) “@2,, ("@3)’ ﬂ'@4)) “65’) ﬂ'66).’ ‘ ((@7)) ‘ CCGS)) \ ‘ ("@9)’
ﬂ'e@e)’ ((@@1)’ “@@2,, f(@@3)) ﬂ'@@4)’ ((@@5)’ ﬂ'@@6)) ‘ ﬂ'@@7)) \ ‘ ﬂ'998)) \ ‘ ((@@9.”
“0000” | | “0001” | | “0002” | | “00037 | | 0004 | | “0005” | | “0006™ | | “0007” ‘ “0008” ‘ ‘ “0009”
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Password Cracker

* Now, what if we knew the sum of all digits was 5?

({$2)

T —
ﬂ'e)) \_(‘1)’ ff2).’ ﬂ'3).’ “’4)) (f5)) ﬂ'6’) f(‘7.’.’ ((8)’ ﬂ'9))

ﬂ'@@)) ((@1)) (f@z)) ("@3)’ ﬂ'@41) “65’) “’@6’) ‘ “67,, ‘ ﬂ'@8)1 \ ‘ “99,,
ﬂ'@@@)’ ((@@1)’ “@@2,, ﬂ'@@3)} ﬂ'@@4)’ ((@@5)’ ff@@6)) ‘ “'@@7)) \ ‘ “668’, \ ‘ “@@9,,
“0000” | | “0001” | | “0002” | | “0003” | | “0004 | | “0005” | | “@006™ | | “0007” ‘ “0008” ‘ ‘ “0009”
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Updated Exhaustive Search Pattern

public static void search(input) {
search(input, “);

¥

private static void search(input, String soFar) {

else if (not dead end) {
// Might not be a loop, but 1 recursive call for each option
for (each option) {
search(input, soFar + option);

}
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

String soFar: soFar

for (each option) {

search(input, soFar + option);

} soFar soFar
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: SoFar
for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); []

search(input, soFar);
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: SoFar
for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); [€09° ]

search(input, soFar);
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: soFar

for (each option) {
soFar.add(option); [€09° ]
search(input, soFar); soFar
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...
* Major pattern: Choose, Explore, Un-choose

- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: SoFar
for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); [€09° ]

search(input, soFar); soFar
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: SoFar
for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); []

search(input, soFar); soFar
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: SoFar
for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); [ 1]

search(input, soFar); soFar
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...
* Major pattern: Choose, Explore, Un-choose

- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: soFar

for (each option) {
soFar.add(option); [1°]
search(input, soFar); soFar soFar
soFar.remove(soFar.size() - 1);
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...
* Major pattern: Choose, Explore, Un-choose

- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

soFar

List<Character> soFar:

for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); [1°]
search(input, soFar); soFar soFar

soFar.remove(soFar.size() - 1); [:::} [:::]
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Recursive Backtracking

* Exhaustive search with a data structure accumulator(s)
- Now we have to deal with reference semantics...

* Major pattern: Choose, Explore, Un-choose
- All of the stack frames share the same one data structure
- Need to explicitly un-choose it so it’s not remembered in other frames

List<Character> soFar: soFar

for (each option) { {:EE;"‘-..___.H‘
soFar.add(option); []
search(input, soFar); soFar soFar

soFar.remove(soFar.size() - 1); [:::} [:::]
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Recursive Backtracking Pattern

private static void search(input, List<Character> soFar) {

else if (not dead end) {
// Might not be a loop, but 1 recursive call for each option

for (each option) {

soFar.add(option): // Choose
search(input, soFar); // Explore
soFar.remove(soFar.size() - 1); // Unchoose
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