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Computers
c a n s to re a ton of information

he perform a l o t of computation blazing-fast

They
c a n solve s o m e problems really fast

m n
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Computers
c a n s to re a ton of information

he perform a l o t of computation blazing-fast

They
c a n solve s o m e problems really fast

m n
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Computers
c a n s to re a ton of information

he perform a l o t of computation blazing-fast

B u t s o m e p rob l ems take a little longer ¼

Factor 3 1 0 7 4 1 8 2 4 0 4 9 0 0 4 3 7 2 1 3 5 0 7 5 0 0 3 5 8 8 8 5 6 7 930 0 3 7 346
m e .

0 2 2 8 4 2 7 2 7 5 4 5 7 2 0 161 9 4 8 8 2 3 2 0 6 4 4 0 5 1 8 0 8 1 5 0 4 5 5 6
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1 0 8 5 0 1 9 1 9 5 4 8 5 2 9 0 0 7 3 3 7 7 2 4 8 2 2 7 8 3 5 2 5 7 4 2 3 8 6 454

0 1 469 1 7 36 6 0 2 4 7 7 6 5 2 3 4 6 6 0 9



Computers
c a n s to re a ton of information

he perform a l o t of computation blazing-fast

B u t s o m e p rob l ems take a little longer ¼

Factor 3 1 0 7 4 1 8 2 4 0 4 9 0 0 4 3 7 2 1 3 5 0 7 5 0 0 3 5 8 8 8 5 6 7 930 0 3 7 346
m e .

0 2 2 8 4 2 7 2 7 5 4 5 7 2 0 161 9 4 8 8 2 3 2 0 6 4 4 0 5 1 8 0 8 1 5 0 4 5 5 6

3 4 6 8 29 67 1 7 2 3 2 8 6 7 8 2 4 3 7 916 2 7 2 8 3 8 0 3 3 4 1 5 4 7 1 0 7 3

1 0 8 5 0 1 9 1 9 5 4 8 5 2 9 0 0 7 3 3 7 7 2 4 8 2 2 7 8 3 5 2 5 7 4 2 3 8 6 454

0 1 469 1 7 36 6 0 2 4 7 7 6 5 2 3 4 6 609
RSA Challenge
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Why i s factoring 'harder' than multiplication?

Brute-force s e a r c h : t h e possibi l i t ies a r e astronomical

(even w i t h heur ist ic speed-ups)

Isallthissearchingr
edyneusary.LIo r i s there a s m a r t e r s h o r t c u t ?



"Needle i n a haystack" - type problems



NP

🙁 🙁

pµ

🙃

problems

so lvab le {solutions a r e

problems easy t o validate}



S'
pose you have a m a c h i n e t ha t

c a n tell i f a mathematical statement

has a proof of length n .

6 i n ) m s The time needed by s u c h a m a c h i n e

How fast does e l n ) grow
for a n optimal ma c h i n e ?



AS-trngewaytotest-Primah.ly

For a p r ime p & a n a t u r a l n u m b e r a < p .

aP" = 1 ( m o d p)

Eg. a = 2 , p = 7 ;
26

= 64 = I mod 7

But a lso : a = 2, p= 4 ;
23 = 8 ≠ I mod 4 (basis for a primality test? )



Transformation
s

🙂

I f you c a n s o l v e ✗ 'quickly'

then you c a n so l ve Y 'quickly' too!



r e s o u r c e s required t o solve t h e m .

Iii:::::::o f i s s a i d to b e

✗ - H A R D

if ally problems i n X

×
C a n b e transformed to Q.



Wf
😐

#e"

" " " " " *

o f i s s a i d to b e

✗ -COMPLETE

if ally problems i n ✗

×
C a n b e transformed to Q

& Q E X .





Claim. Hanabi i s NP-complete.

Recall. I = # v a l u e s h = storage threshold
→

C = # c o l o r s r = #repeats (upper bound)

i/p u s a s t r e a m of N cards

(move s : keep, discard, o r play)

Mp: Decide if full stacks c a n be formed for al l colors



Formula l

n va r i ab les X , X2,

35th.maauses"
😐

ÉÉ%

🙂

Goal. Ty i s

playable i f f
y i s satisfiable seq. of cards Ty
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play this?

s e t × , to False



Warm-up m s h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # I
-

pH o f ← play this?
- $ se t × , t o Tr u e

Ideas

↑ I red he 1 green card

play this?
of v a l u e 1 , 2 , 3, . . . .

N

s e t × , to False



Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # I
→

I 2 3 . . . n

pH o f ← play this? 1 2 3 . . . n
t / I se t × , t o Tr u e

-

I
play this?

s e t × , to False



Warm-up m s h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # I
→

I 2 3 . . . n

TH o f ← play this? 1 2 3 . . . n
t / I se t × , t o Tr u e

s

i
What ' s t h e problem w i t h t h i s?

play this?

s e t × , to False



Warm-up m s h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # I
→

I 2 3 . . . n

TH o f ← play this? 1 2 3 . . . n
t / I se t × , t o Tr u e

s

i
What ' s t h e problem w i t h t h i s?

play this?

s e t × , to False * can't force a hold!
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Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

Enforce s o m e kind o
f
blocking m e c h a n i s m

2 -

c a n do t h i s OR t h a t

b u t NOT bo th

and NOT n e i t h e r .



Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

X, n o colors a r e RED, and GREEN,

- y-y-y -y-y-y11 12 13 11 12 13
- r - r - e
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to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

X, n o colors a r e RED, and GREEN,

- y-y-y-y-y-y12 12 11 13 11 13
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Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

X, n o colors a r e RED, and GREEN,

- y-y-y-y-y-y12 12 11 13 11 13
- - - - - -



Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

X, n o colors a r e RED, and GREEN,

- -1,9-1-1-1have to hold 12112 13 11 13
these t o play y e s I I I / a t

the seq 1-2-3



Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

Associate a different color w i t h every variable

X, n o colors a r e RED, and GREEN,

✓ My M A Y - 1 i f h a
have to hold 12112 1' 13 11 13

these t o play y e t I ✓ I / I w e a r e forced

to m a k e a choice
the seq 1-2-3



Warm-up w h o w do w e get a play sequence

to correspond to a n assignment?

Attempt # 2
→

w e c a n either play: 1 2 3 1 (discard 2 )

o r : 1 2 3 1 (discard 2 )

have to hold 5 1 7 77%1%4 i f h a

1 12 11 13 1
these t o play y e s I I / I I w e a r e forced

to m a k e a choice
the seq 1-2-3
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Useful H a c k : Suppose w e seth-2forourga.me#

(for w h a t e v e r reason)

b u t for s o m e part of t h e sequence,wewanttoforce.in#

• ( for w h a t e v e r r e a s on )

h o w do w e do t h i s ?

- I m e r e t i -



Useful H a c k : Suppose w e seth-2forourga.me#

(for w h a t e v e r reason)

b u t for s o m e part of t h e sequence,wewanttoforce.in#

• ( for w h a t e v e r r e a s on )

h o w do w e do t h i s ? forced hold v i a

✓ a n e xo t i c color t h a t w e

w i l l n e v e r s e e again. .

- Pt n e e d e dF l --
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n o cards from o n e part of o u r sequence
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Useful H a c k : Suppose w e w a n t to force t h a t

n o cards from o n e part of o u r sequence

a r e carr ied o v e r t o t h e n e x t part

t e r a t o ? t e e t o t a l

I f

n o carry-over



Useful H a c k : Suppose w e w a n t to force t h a t

n o cards from o n e part of o u r sequence

a r e carr ied o v e r t o t h e n e x t part

exotic one-off color
-

1 n d - m a y f tp. l f ihea-aai
- r -

I f

n o carry-over



Setup s o f a r :

①①①3 3 3

4 4 4

5 5 5

X, X2 ⅓



What a b o u t the clauses?


