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Abstract: We construct a simple trandationally invariant, nearest-neighbor Hamiltonian on a chain of 10-dimensional qudits that makesit possible to
realize universal guantum computing without any external control during the computational process, requiring only initial product state preparation.

Both the quantum circuit and its input are encoded in an initial canonical basis state of the qudit chain. The computational process is then carried
out by the autonomous Hamiltonian time evolution. After atime greater than a polynomia in the size of the quantum circuit has passed, the result
of the computation can be obtained with high probability by measuring afew qudits in the computational basis.

This result also implies that there cannot exist efficient classical simulation methods for generic trandationally invariant nearest-neighbor
Hamiltonians on qudit chains, unless quantum computers can be efficiently ssmulated by classical computers (or, put in complexity theoretic terms,
unless BPP=BQP). Thisisjoint work with Daniel Naga.

Pirsa: 08010008 Page 1/85



"{O-Miumm—n @WJH"HM G/b&dav AIU{'OHAR,'IJ (r ,D




HamiUmu'an &anv\M G)Uwﬂav Aw{omafh L (:D
Dﬂm'u(_ Ncujad'




Homi Uonsar  Orain i Clluday Aukomake imn ['D
Dﬂm’u{ Magad'

I‘iMTV{MM C«?wﬁ"‘ Pﬂﬂn'.b{

&




|‘10M£Umu'an @xan'fum quwﬂav Aw{Omaﬁ: L (D
Daﬂ*“"x. Nﬂljud'

. qu&n’{um c.qrm4 h‘lbn'.b{
# Slnjh Qub, ¥ gale,

‘ ' ‘WU' ‘]‘\!h"‘ 3.“(

y

>




Hewmiboiar Ouantam Celdday Adomake im (D
Daﬂd't/( Nﬁujad'







.41
1W
m

e (
MW
3

Aﬂﬂr
R
Of;;

m
o
idﬁmf

4

i

=]

<

7!






(I vepove A b 5i's SJL*-{C.
(?) (A He fjif{n-'r A/ {//(_ t«mf.r;hu&w/

,/{,w Joma ff"'ﬂ'--t Il

Y

-
\ o
'

7 ¢ ‘f"‘ .y

¥
- 4\“ R

% % L
" ey

™

"

—




(1) l’f'Putm. A j,‘,w.ln' SJUIC
(2) (eh M fjlfm wolve  unolirhaked fov sema hrw T

) M fiar e 0o ;W n_f }"u{t{l}f}fthr n J“"-{ wu-P_ .‘f“-ti‘:l.r

o
y




INPUT

(2) (4 Mo fjlknd oolve  unolirbabed ,/(,w foma P
l,e,wr n,( J'u('{ljrffmf" n g D p YA sy

('-) Pﬁ’r}u‘.m (A JJJ_IH‘ g!a-f{_ T

(’)) ML Stiar € O,

. e | P
G Y I‘ ‘1 %‘\ "g‘ ‘, 9’:’1{5 'j
r |

A .
&

& e Y
,: . ';__’ \ . . . ’ -- .- 1 .
. —

s




[l) ?Jir‘( xiveE (A b}, £/ 3 '{n‘u f{' ”JP"‘(T P}" O§RA I

(E’) A Hm {jlfhm (A0 fi/( Hﬂ(;! .'j'hq f"(.t./ ,/(,m 1 0 A Af‘r'.r'iu, T

(’J) ML Jiar e Q. !M n,( J'uivljfffﬂﬂ" in s it 41 p .!/"4 $ 17




[ ID
! i Celludoy Auhomata  Im
\ \'lﬁhu Lfl"ﬂlaf.’lfl L‘s)l.u'.{ n]m 1 CF/UJU

Dfﬂlé'u( Nil)ju J

I]Mh}hm rc..m‘4 Bulb(

II’H‘

COMMoN
u(“ ;‘.:lru Sh o COHPMJ‘GhnH 1 ofh Wiq
WLj i ‘33 b:fbvﬂwt Cad Ao (
f"*’ufmur
’AIP‘HC ‘n{lrﬁto(a.,é #q“__“

,'Lpu




INPUT  PROSRAH
,/(.Hr I oma ’Tt"'f"‘-t T

(I) }’PPMVB. (A 1;-;_;,,, SJU—/C
(2) (4 He fjijilm o e unol 11 havbed

(f,) Wea fure O 7[_zA.,r n_( j‘ufvlj:‘ffmf' N e Comp ba sy

u‘/ : j‘




INPUT PROERA A
(2) (A M fj thewr a0 st EMw(rrhé:ffﬁ{ ffm soma i T
(G) ML ftar< o P;./ n,( )“uﬂjj:’f{mr' N e Lo p f;,,! § /5

(l) "’*"’F“’-Vﬁ (A Ij‘:;{nr Sju‘/(

| | " ' M‘ L-':;I | f / *’

¥y’
e .I J

W g



Vi PROEEA
(| ) Ve ()1!, ve @A 13!). 5ty SJL‘-,( ”‘JP{

o i ) I (Ea”
U} leA Ao fy_lftufi CA/é (A/{. {Mw{”hg:fiﬁ{ ,/.;, I T 41 v,
(f ) MLQ Jiar< v J.{AJ n’( .J‘*Héj}‘j'f({m r /" J‘(\_{ W;HP Sa s

J

Wil .

(l) Jﬁrmfwmrcr LF WI:':? g

(R
»

*_

.




PROERA I
(l) i’f’Vth”{.’, (A !)Zﬂj‘ S}u{( INP&(T )

(?.J (et Mtﬁt fj j‘-ftuq (A/e lut Ww,”hdii’iﬁ{ f/pu 1 0 MA fﬁﬂm
c v Upies
(g) M Star< Qa 1{0») ﬂ_( fﬂ(‘ljff((ﬂ‘!f ] 4 L.-,MHP Q50

VT . \\

d

l"-

() n(hzv'uo(:}wmm”af Comp,.
) ﬁhg?zfnmwr




INPUT  PROSRAM

1y ( j«” [ 5'101{(
(1) fw[;\. e ‘o Basry 5 il

U) LeA M i‘tji/twt fase Lw', uﬁof:;hf:ffﬁ{ ,/(;u
(t;) MEsd feare L {b.J n{ I’ﬁ&ljh{fﬁif"fn J‘f\.{ 0 14 p .':“{ $iJ
lf\‘ tt Y . * Wi - .
- i | " " | |

(l ) shay r);ﬁjwm ey aF Mﬁ? ‘3}:\ ‘e :{f Ff j 3
(Z) {lhj',tf, Mo relen s

p; (3) PM“}A\COW “léou‘rfd; tipjl:t"w f:v:‘g‘:m{d'ﬁhi;i{nmr'%ﬁmx (nyﬁ-thu'r;

a

J




(1) prepave o hasis shA INPUT PROEARA M
“) (4 M U"‘“” (/0 e Wbofffhu‘c{;{ {J* 5 0 M hmw

(":) ML fure O u..a nf Iu(»jjrffmr n 0 1 p sy

(Ij rlhtr o j-.umrc: aF 1 k ‘d rf F’ - J /

{m rede y
g i [ -"G‘O"rwt

P“JA&OWGQ“M’ TF rh:k«;ﬂ({ #)Pryihdd’ﬁﬂj;{ﬂma'%ﬁ“ ffyﬂ-u'- o




(1) (F\we' o Masis ). le ”JPM ([ PROSRA I

(?) (A Ha fJIhM FAfi'(l/lt. {A{?,offffzuﬁ&g{ {(; 0 M hire T

( j MeQ fiare O .tu nf Iv.{»ljrffmr nm J“'\-ﬂt O p .‘:*uh.r

| ’H iy .
(1) AMP%?”““" OF 5. %‘ ‘d ;‘ ‘f j /
-. {g_ (8 {lhjjtr Mﬂ-‘.m; ag‘o,,‘;”ul y

(3) PM" ACOMQHMI’ “p\ '“JW f.a;.thd‘ﬁnJ);fﬂHrWIu (/yﬂ-u o






A {¢'
| |
™
L ARy )
~
+
L=

LAWY e Yy o










-
.
Y e—
-
fa

-—
=y -

- =
-




¥
)
Ty,
{1




|1’ E [ UAWVE Y| ol :" " —_.l “”l__ - | { ! j







.ﬂju‘; 4J~.];~




_ lh\










0
o




L
O




d

"l

>

OJ(0) (o) (0] (o

-l

O










ﬁ
W= { 1oy, 125 Hp=g |2, [®) 1T, 152, [ W)

OO0 0 o
D f) H' PQ_ lu‘ 0 O O

-.p-.;.ILJSIJNIII
&0




S

5

](4 - f |u>} l'?j ";{p '(f J':’ ,}""> } ’I>r H;,.« ‘ L—:’)j
W

LGSO Y 1, )
OD 0 o o) W z): 5 A e L
/] O © 0O

O W -

=

g




[2 1% 1T, Is2,W>(

IR Imig | e i
O 4O L Ee (D

=) () (o)

: )‘l: [ o \ —
1_11 > Al o AG{‘-J"S"N}
‘ 2.




,](Jﬁ { |”>;li>j a’ypug J'>.¢Ih>jfr>" IS>!'W‘>K

AR MO 2
00 oial NiE A ST T R g
O 0 W, We © o o R

;_li — Al » ACZ-I;-?‘W}




.](4.._ { |u>;ll>j F;(P J- Jl-)}frh IS>!'W’>'€

P ke S MRl -
O(JDOD()” " NFII
' (4 o () (=) o)

K Al

Z_ :




Kp =g |2 w2 1T5, 152, [ W)
S

alsr il A G I
o o) @

14, (=) (e e

AC{I,S'ENI




{0
o)

AelT,

i

O

S, wf

2wy T2, 152, [ W

W
©

SR )

=) () (o




W, = § |u>,|l>j ”HP'E J'>1}b>1fr>’ ls}"h»'(

» - 4 I )
O()DOOO 2 A ‘FII
O o =) (&) (o)

Ac{.r,s‘fw}

z— :




A, =

oy, 125 Mp=¢ |2, [m) 1T, 152, 1W>(
)

> .« 4 '
O(Jooc,otv" R N g
. n_:_w_h”g, Vg O O e Y (TR (o
|: ' A —
_.l‘ > Al e AE{IIS‘,H‘}

TT — A
—r— A(”r‘}]




W, = { 1oy, 112§

o
l' ;: U Sk

A —
) -

Q1 “_}\_T N

Z | e
b ' H\ S {\_ -
*-L. !\{n

A\
L]

r

)
@

.

I’
S

1IE
© o



4

r’]\’P =

I

W
o

[2 %2 1T2,152, [ W

s

-

I
O 0O




[2 %2 1T, 182, W)

LTy

- -

A e I |
© O




o Lo
O O




N, = { Lo, Mp =2 |2, [®) 1T, 152, 1W>(

A S G . | ;
O0D 0 o o o - AL {8
© O

l r Lli —

-

J




I
(=) (=) (o







A = { 1oy, 112§ Mo =g |2, [w) 1T, 152, [ W)

O R (- WS‘ s 4
V. [0 (00 s Mt ¢ & I :—;[II
O O




[ = [ |®) T2, S2, [ WD (

A I e
OO L o




- , T, ls)d,lw)_(

A g
QOO (O O










- ARG A S i
P W e & | L I

( A
G M © \o_
















o= {10y 105 Mp =g [2,[w) ITD, (52, [W>(

on o LR S ® T W T
OOOOO JO ¥ OC;D

BT TR A ! —
X [ i\ 2 7Y [ ° Acfr,rfwf

A
‘TLT e iJ:\

§ -

=













w2 T2, 182, | WD (

D TR T
) (=Y (e Y o



















|
> R
} r.ful/ \ - _
0) (b)) (o) ; _ 1 = | W,
) \J W |/ T A [
L |l “) Hl"“ ( y
-I. i ) @ @ ( J f
;!ﬁ A l . . N (\ / ) (¢
; \ | \ ,
o [AfE AELT s W e







A d
A
-~

P




bR
,f
<










“/ - [ARX A (@R A
. ‘ || A >\ /’H / v
N /
















