Catayrie Compurzne

(zv [0 Minvores or Less)




E——

cory of CoMPUTATION




E———

HIEORY OF CO/"\ PUTATION
A teivial foct

| compute T SPACE ()

) REMEMBER » TcEmeemmmmm  CPA(F



E———

HIEORY OF CO/"\ PUTATION
A teivial foct

| compuTE 1C SPACE ()
) REmEMBER » nEmmmmmm  CPA(F

3 BOTH z ool -] SP/L\C:(WC/Z)

1(




E———

A Hff/'\/l‘a[“ facf
| conpure |

.{—-
) REMEMBER » TcEmeemmmmm  CPA(F

5 BOTH

1(

HIEORY  OF C OMPUTATION

Q:

SPACE (1)

B%Mat

SPACE



——

- E

tory oF LOMPUTATION
A ff/'\/l‘alu {ac%:

OPJCI.OV) "] '




E———

H EORY  OF CO/"\ PUTATION
A teivial foct
OPJCI'OV) "] OPJC{OV) #):

-
| com /el'e{ 7[u”,
+ rmmLP be reYWLwneJ

fo ifs sherting dato

(z)




E———

A tevial fact
OP%I.OV) #1; ’

HI E
|[EORY OF COM PUTATION

@i E H’\efe oY) {‘\
SD(vab{e by ’*Z
OFJCI'OV) #) S

(,omp/e l'e [Y fu”,

+ rY\uS.]L be rmlwneJ
fo ifs sherting dato

(z)



EE——

cory of CoMPUTATION




E———

HIEORY OF CO/"\ PUTATION
A teivial foct




——

HIEORY  OF C OMPUTATION

A Hff/.\/[alu fact /\/O WA \/




E———

HIEORY  OF C OMPUTATION

B ot foct
False

[ BCKLS'H):

]COP Wm/)y WC ' | ' ,
le €\/€fy z ‘F(A(( memom/ Provaé/
odds o ot of pOW@f"




THE STUD\/ OF REUSE

Caj(a‘yjﬁc COM[DUJCina BCKLS 4]

nput .
— SPACELs]

main Memory putput

G N



THE STUD\/ OF REUSE

Caj(a(yjﬁc COM[DUJEing BCKLS 4]

nput
— a CSPA(/E[S/(—J

main Memory putput
s B
¢a+aly+ic Memor}/

ot o0 e



Tue Stuoy o Revse

Caj(a(yjﬁc COM[DUJEing BCKLS 4]

n va
g1 R

MQIn Memory OU1LPU+
- e |
’ - V _aan 'FFCC[Y usé
T
CO"‘OI\/‘]’[& MC’,MDF}/ ‘!_/_._._l rY\uS{' r(,ge]l ')“0 T

N



THE STUD\/ OF REUSE

fifv»e, of reaction

2/\/0'F OZ — ZNOZ
Mo, + SO, = NO+ 50,

NéJr - 150, + 0, = 750,



THE STUD\/ OF REUSE

Caj(a(yjﬁc COM[DUJEing BCKLS 4]

Tl mL
— L




THE STUD\/ OF REUSE

Caj(a(yjﬁc COM[DUJEing BCKLS 4]

nout question’
N 7 |
R




THE PO\/\/ER OF REUSE

¢ CL ¢ PSPACE



THE POWER OF REUSE
¢ (L ¢ PSPACE

(randomized

(/ L C z P P pelytime)



THE POWER OF REUSE
”vaial:

[ ¢ (L < PSPACE
IBCELS 4]

o dOM i [[(S (ranzlqm/zea(
COHV\QC%I.\/{][Y & C L g 2 P [j Po[yflfh&)
(‘Aej(ermfnay\f



THE PO\/\/ER OF REUSE
‘)‘[‘fvial:

¢ (CL ¢ PSPACE
IBCELS 4]

FGn dOVV) \/\/a“(S (mmlqmiiw/
COV)V\QCLL(\/JY S (/ L § 2 P P ’70[7{”%)
(‘Aej(ermfnamjc

0ip. rvm{ch/'ng [AM'25 ]
.meroio( Mfers. [AAV'25]

[CLMP'25] Par%/’a/ Aemn%.




THE PO\/\/ER OF REUSE

mcs«} ,l‘l(e I\/
¢ CL ¢ PSPACE
IBCELS 4]

Gn CIOVV) \/\/a“(S (rondomized
COV)V\QCLL(\/JY S (/ L § 2 P P ’70[7{’”&)
(‘Aej(ermfnamjc

0ip. rvm{ch/'ng [AM'25 ]
.meroio( Mfers. [AAV'25]

[CLMP'25] Par%/’a/ Aemn%.




THE PO\/\/ER OF REUSE

CL



THE PO\/\/ER OF REUSE

CL

”(i%uals lﬁls t/\('m“démLCFn/\'/\~ 7L
(NS ILOV\JF oe [
caunfe/\par%s ( olus all hierarchies {Agf: ,'AD)M o



THE PO\/\/ER OF REUSE

CL

‘6c(uaLS Lo non-deterministic ond '
CO(A/HZQ/\PC{/\ILS (p[us a// ['\fcmr(iw/;? {'[’\;fe,\lfgywzeg(

-contains EXFP in the m'@H oracle worldl



THE PO\/\/ER OF REUSE
- 6(2('()\&[3 l']LS V\OV\_(JQ’{'U‘MI'/VS?LI'[, OV)J FQI\OQOVV]I.ZQO(
CO(A/\%Q/\P&/HLS (P[us a// ['\l'e/‘aﬁclw/es H\él‘e !7\>

- contains EXP 1 H/wc m'@H oracle wof/o(

—can 1[‘ Fadé errors (N (ese ng H\e Cmtalyjri(, 1L&P@
]DO/‘ 7[;‘6& S/)a(‘,é (exc,c—l[ %Fad’go{\]{‘ lmown)

[63ST *24]
[FMST 25 ]



THE PO\/\/ER OF REUSE
- 6(2('()\&[3 I'JFS V\OV\_(JQ’{'U‘MI'/\fS'ILI'[, OV)J FQI\OQOVV]I.ZQU(
CO(A/\%Q/\PQHLS (P[us a// ['\l'e/‘aﬁclw/es H\ere !7\>

- contains EXP 1 H/wc m'@H oracle wof/o(

—can 1[‘ Faolé errors (N (ese ng Hwe Cmtalyjrf(, +&P@
’FO/‘ 7[;‘6& SFQC«Z (exc,c’l[ %Fad’go{\]{\ known)

- 1S currem”y orﬂwgoma{ 1Lo a// VmJ'OP sméc[afsef OF P
(NC, TIMESPACELA 1], CC, etc.)




THE PO\/\/ER OF REUSE



THE PO\/\/ER OF REUSE

SPACE

" NEW :dmeachej 7Lo 5/9&(@- 60%486(

A@FCU’) O m/ém[/'O/)



THE POWER OF REUSE

Imp[l‘cm[rbms tor SPACE

" NEW CJQProachej 7Lo S/DGC@- 60%0{66(

Aercm O mf%all/'O/)

- new fe[az[iomsﬁ)ip be%w@em TIME and SP/\CE
TIME[t] ¢ SPACE [[tiet

M2 ]
[w'2s ]



THE "UTURE oF REUSE

CLys P?

FOl?MSJEV)ESS oLuaanm

su[)mujﬁ'neg

L)i@ﬁarcl/\nges | ju'/vne - space
m'p(aae Comp-



[ ue

"UTURE OF

1. Give a simple, direct proof of uSTConn € L.

2. Give a simple, direct proof of uSTConn € CL.

3. Give a simple, direct proof of STConn € CL.

4. Try to improve Savich’s Theorem: prove NSPACE(s) € SPACE(o(s%)).

5. Improve the deterministic space complexity of BPSPACE(s).
Decide the space complexity of TreeEval.

7\, Give a register program for computing any polynomial p(x; ... x,) using
O(n) registers over a constant size ring R and O(1) recursive calls to the
input x.

8. Show that for any branching program B of sufficiently large width w = Q(1)
and length ¢, there exists a branching program B’ of width w/2 and length
O({) computing the same function.

9. Show that for any branching program B of sufficiently large width w and
length £, there exists a branching program B’ of width w — 1 and length
poly (£) computing the same function.

x Find any function whose optimal space algorithm can be made almost en-

REUSE

XShow the existence of an oracle D such that CL” = EXP”.
?( Extend the BPL € CL simulation to show CBPL C CL.

~ Show that CL is equivalent even if we allow w(1) many errors on the cat-
alytic tape at the end, or alternatively if we allow O(1) such errors in expec-
tation over all inputs x and catalytic tapes 7.

. Utilize non-determinism in conjunction with catalytic computing in a non-
trivial way.

¥ Prove CNSPACE(s, ) € CSPACE(s”, ).

24. Implement a catalytic algorithm such that it is actually useful.

X What does quantum catalytic space look like?

26. Devise a register program using basic instructions inspired by unitary com-
putation, and use it to show non-trivial results for e.g. BQP.

27. Devise a circuit that uses known results from space reuse and catalytic com-
puting to efficiently solve some problem in a way that we do not know how
to do directly.

28. Show TC' c VP.

tirely catalytic, i.e. a function requiring—or even that we only know how to 29, [s the network coding conjecture true or false?

do in—SPACE(s) but which is computable in CSPACE(x s, ~ s).
11. Prove CL C P.
12. Show that P ¢ L/poly implies CL C P.
)(Show that CL C P would give strong evidence ZPP C P.

30. Prove or disprove the network coding conjecture when all nodes are re-
stricted to sending linear transformations of their incoming messages.

31. Is there a meaningful notion of a catalytic data structure, or is there anything
to be gained from a data structure stored in catalytic memory?

{4, Show that NC2, or even any circuit of w(log n) depth, can be computed in 32. Show CL is contained in some subclass of P, perhaps NC, given a believable

CL.

cryptographic assumption.

15, Give a register program for computing x* in the non-commutative setting 33. Show evidence against objects in cryptography based on techniques in reusing

using linear space and a constant number of recursive calls to x.

16. Show that BPNC! ¢ CL.

17. Design a catalytic branching program with 29 start nodes and total size

20 . O(n) for any function f.

18. What is the power of CL/poly, and does it have a natural syntactic charac-

terization?

space.

34. Show the existence, conditional or otherwise, of a natural class of crypto-
graphic objects by using clean computation.

35. Prove that the existence of one-way functions in CL, or even any one-way
function computable by a poly-size poly-length register program, implies
the existence of one-way functions in NC°.
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