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Appendix A

Out-of-time-order correlation and
detection of phase structure in Floquet

transverse Ising spin system

A-I Calculation of transverse magnetization OTOC

For the calculation of the transverse magnetization OTOC due to the local operators placed

at different sites, we consider V = 62'” and W = 621. Hence TMOTOC is defined as:
F"™(n) = (90|6%(n) 6" 8L (n) 62" |¢o), (A1)

We transform the spin variables to fermionic creation ¢/T and annihilation ¢! operators at

site [ by using the Jordan-Wigner transformation [S249]

1= ] 1
I _ i It I — el
sl = _EJ.I_II(ZC] ¢/ =1)(c""+¢") and S;=c"c —3 (A.2)
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The operators ¢! and ¢!T obey the the usual fermion anticommutation rules. The unitary

operator for the closed chain is given as

N-1

0 = exp[ (X (=T =)~ () e — e ewi)]

=1

X ex {—' S ”l_l
p[-in} (' =3)], (A3)
=1

where Np = Zf’: | ¢! is the total number of fermions. We move in the momentum space

using the Fourier transform of ¢! which is defined as

= ap (l Z el (Ad)
Hence U can be written as [S54]
O =0 [T v4. (A.5)
g>0

The operator 7; in the above expression has the form

Az .
Yy = exp(—igleos(@)(cTeg+c! yeg) +sin(@)(cqe—ge i)

X exp ( - 2it0(c‘ﬁcq + ciqc_q)> ) (A.6)
For 7, the four basis state are |0) , | +¢) = cLﬂO), | —qq) = cT_qc;m). The eigenstates
of ¥, are given by

n

%| :i:q> _ e(f%cos(q)fito) | th), and 7/q|j:> _ e(fjc()s(q)filo))eiij/q|j:>’

where

&) = 0t14]0) + Byl — 9q)- (A7)
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In the above equation ., and B, are given by eq. (11) and eq. (12) of the manuscript,
respectively. The initial unentangled state is |y (0)) = [0)*V. In a Fock space, it is
treated as vacuum. Time evolution operator of the fermionic annihilation operator in the
momentum space is given as

cq(n) = ey Vi = By(n)*cg— Wy(n)c’ . (A.8)
The expansion coefficients ®,(n) and ¥, (n) are defined in eq. (8) and eq. (9) of the

manuscript, respectively, and phase angle (7,) is defined in eq. (10) of the manuscript. Let

us apply the first spin operator on the initial state, we get

1 1
S5,(0)10) = (chem— 5 )10} = =310). (A.9)

In the above, c,Tncm is a number operator. The operation of the number operator on the

vaccum gives zero eigenvalue. Time evolution of the spin operator at position [ is

. L« ia—by + 1
S;(I’L) = Nazbe( ) Ca(n)cb(n)_§7

where a and b are indices in momentum space. By using eq. (A.8), we can write

1 : ¥ . . 1
Si(n) = NZe’(“*b)l [Cba(n)c;{—‘l’a(n)*c_a} [@b(n) cb—‘Pb(n)cib —
a,b

1 - .
= N Zl;el(a—b)l [% (n)CDb(n)*cc'lcb —®,(n)¥p (n)czcib

1
W () (1) ey + Waln) By(m)e_ae’ ] 3

Application of time evolved spin operator on the vacuum gives

1 . - 1 1
S:(n)|0) = [f ]T[Ze’(a_b)[q)a(n)‘lfb(n)cjlc'_b +5 M AO 5} 0),  (A.10)
a,b a
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and the Hermitian conjugate of the above equation is
(0[S%(n) [ Ze"p N, (n)" W, (n) c_,c +12\\P (n)|2—l} (A.11)
—rep N > p 2]’ :
where p and r are indices in the momentum space. We can calculate Sj(n)S;,(0)|0) as

Si550)10) =~ [~y T bl smelety + 5 R 3]0

Applying the third spin operator S7,(0) on the state S7(n)S;,(0)|0) we get

74 74 74 1 X—y)m 1
Sh(0)S](n)S5,(0)[0) = —5[ Leltmele, ]
x [ Ze D, ()W (n)cic , + Z|‘P —§]|o>,
1
= _E[_mxyza’hel(x I ia— blq) ()W ( )(C chS(a y)
~clcl(~b.y)) %Vz Db, ()W (m)clc”,
—%(%;I‘I’a(n)lté)ho), (A.12)

where x and y are the indices in the momentum space. Now we take the scalar product of

the states given by eq. (A.11) and eq. (A.12) and get TMOTOC as

F(n)

X

|
/\
=
A
/—\
v

$n(0)S;(n)S;,(0)]0),

&2
3 1 —i(p—r)l * * 1 2
= -2 <0|[— S X eI, () W () ey + - ¥ ()2 = 5
p
[_ L Z ei(x—y)mei(a—b)lq)a(n)\Pb(n) (CTCT b5(a’y> _ cicZS(—b,y)>

45 TP, (meie’, — 5 (7 T ¥ - 3) | 10),

a
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P = —23[ ( Y e (1)) ), )3 (. 1)3(c)

D,a,r.x,y

1

( A % (Rl =3)]

Zsz(rlP )1 (0)2 = P (1) ¥, (1) @ () ®_ (1) ) (A13)
Since the term

2N22(|w )P (1) 2 ¥ (0, (1) B (1) () )

#3 (R TP —3) ( EiatnP~3)

is constant for all number of kicks (n) and system size (N) which comes out to be 2]—3
Since a and b are dummy indices, we replace them with g. Hence, the final formula of

TMOTOC is

m 2y’ i(p—q)(m— *
) = 1= (5)) X (0700w, () Py () )
p?q?r
— DI, (1) @ (1) Dy ()W (n)
—PHOm=Dg (1) _, (n)W,(n) D, (n)*

e a0 (), (1) B () ) (A.14)

Now, we take a special case in which both the operators are the same local operator i.e.

W= Gf andV = GIZ. Then the formula becomes

F'(n) = (;)Spqr (1)@} (n) Py (n) — P (n) P, (n)* P (1) Dg (n)

—W (1) (1) @p(n) P (1) + Py ()P, (1) [ @p(m)2). (AS)
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A-II Calculation of Longitudinal Magnetization OTOC

Let us attempt to find the analytical expression of LMOTOC so that we calculate the phase
structure of LMOTOC for higher system size. After moving some steps in analytical
calculation of LMOTOC, we realize that the analytical expression of LMOTOC will
take longer time than the numerical calculation. A few initial steps of our calculation of

LMOTOC:s are given below: S; in the form of raising and lowering operator:

1 S = .
Sf:E[Sf+SI]:—exp{ chc} (T4 = Zrll(Zc;cj—l)(cl +ch)
j:

The above equation is written by using the relation

-1 -1
Sy =cTexplni Y c/'c!], Sy =exp[-mi} c.}cj]cl
Jj=1 Jj=1
Now, we move in the momentum space by doing the Fourier transform of ¢/ and ¢/*. Hence

$; in momentum space can be written as:

= _EH [2 Z —exp q;)Jj ]cq]cpj 1} [;(%exp(%)exp(z‘rl)cz

-1
J=1" 4qj 1’1

+% exp(z)exp(—irl)c,)} (A.16)

For the calculation of the time evolution of S} i.e., Sj(n) we have to compute the time
evolution of all the operators in the string of length N. Time evolution of such a large term
will be too much complicated and unfruitful for our purpose because the calculation of

LMOTOC involving product of four operators will be too much to handle.



Appendix B

Characteristic, dynamic, and near
saturation regions of Out-of-time-order

correlation in Floquet Ising models

B-1 Calculation of TMOTOC in the non-integrable Flo-
quet system using random state

If V and W are two Hermitian operators that are localized on different positions ! and m,

respectively, the OTOC [B19] is given as:
l,m 1 77l (7172
ch (n):—ETr<[W (n), V"] > (B.1)

which is a measure of the noncommutativity of two operators W/ and V™. These are
infinite temperature quantities and involve the entire spectrum of 2V states. One can use

the trick for evaluating OTOC by employing Haar random states of 2" dimensions (|'¥g))
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and calculate expectation value over [¥g). OTOC will be
CH"(n) = =21 WR| W' (n), V" W), (B.2)

Since, the behaviour of OTOC is similar in both the cases either taking random states or
special initial states (|¢) and |y) accordingly). So we consider special initial states and

OTOC will be
C(n) = 2"y /o | W' (n), V" |y /9), (B.3)

Fig. (B.1) is the behaviour of TMOTOC in the nonintegrable U, system using random
initial state (yg) drawn form the Harr measure. Characteristic time is independent of the
Flogeut period [Fig. B.1(a)] and it depends on the separation between the observables.
Number of kicks required to depart from unity is equal to separation between the ob-
servables [Fig. B.1(b)]. Dynamic region of TMOTOC for the nonintegrable is showing a
power-law [Fig. B.1(c)] that is approximately similar to the [Fig. 3.4(c)]. The exponent of
the power-law () depends on Al [Fig. B.1(d)] and its behaviour is approximately similar as
Fig. 3.4(d). Saturation of EK[FZl’m (n)] is following a linear decaying behaviour with a very
small slope (0.004) for all Al [Fig. B.1(e)]. There is very small oscillation in comparison

of Fig. 3.4(e).

B-II Time evolution of TMOTOC

The Heisenberg evolution of an operator W(t) can be expanded using the Hausdorff-Baker-

Campbel (HBC) formula as

Y - (it)p T 117 times [y 1A
W)=Y ~—-[A, AP (7 W] (B.4)
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14 ‘ oAl =2

-.-7':76/2 --Al =3

08 L -.-T:86/2 Al =4

. T = 9¢/2 --Al=5

=06 -7 = 10¢/2 Al =6
= -7 = 11¢/2

0 100 200 300
n

Fig. B.1 Nonintegrable closed chain transverse Ising Floquet system with J, =1, h, =1,
and h, = 1 of size N = 18. (a) Behaviour of TMOTOC with number of kicks (n) by
increasing Floquet period from £ to 1€ differing by £ with fixed Al = 6 (¢ = 75)- (b)
Initial region of FZI " with number of kicks and increasing distances between the spins
(Al) with fixed Floquet period T = 6¢/2. (c) Cé’m with number of kicks (log —log) with
increasing (Al) at fixed 7 = §

. (d) Changing of exponent of power-law with Al. (e) Saturation of le’m with number of
kicks.

W= 65/ *, the HBC formula captures the spread of the operator over the spin sites and

how it becomes more complex as time increases. Furthermore, direct replacement of
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Eq. B.4 in Eq. 3.6 highlights the fact that the short-time growth is characterized by the

smallest p on which

A, (A, e 17,677,607 # (B.5)

due to the time factor " that weights the terms in the expansion. We remark that this
mechanism points out that the short-time growth is characterized by a general Hamiltonian
structure of the system and not by the regular to chaotic regimes observed in the studied
spin chains.

We consider Pauli operator in transverse direction of the coupling and Uy = U,
where, Uy, = exp [ — ir(]xl:lxx+hxﬁx)] and U, = exp(—ith.H,). Using Eq. B.4, the

Heisenberg evolution of the spin operator 6Zl is obtained:

)61 (00.)", (B.6)

2
e 1 A . it o o
- ;( ZI+ZT[HX~"+H ]"‘%[Hxx‘l’Hxa[Hxx"‘Hx’GZl]—I—-..)UZ,
= cA’zIﬂLiT(AZT(—2i(6)€ —|—GGZ+]—|—0')U)_|_...7
= CAFZ1+2T<AZT(A)€ +GGH—1+C7)U)+---7

_ Al A &l61+! sl al | al—1al | Al alt]
= Gz—l—ZT( + +G +it(=2i[6, 6, + 6, 6, + 6,6,
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We apply second kick then 6/ (2) will be

~l Ty al ~l—1 Al Al ~Al+1 ~l 2(al—1 4l Al—1 A
6!(2) = 010(!+ (2x(6) 6} +6l61H +6]) + (20)(6) 61+

From the above equation, we extract the coefficient of 7> which contain 6;,*2 term. This is

given as

(20207 (616/"! + inlfle+ A 6161 |+ )0 (BO)

_ (77)2 Al—1 Al al+] sl al+] 142
=(27)7( =216, 6,6, —216,6," 6 +>

For m = [ +2, C™(2) = 6416 We apply the third kick then &!(3) will be

(B.10)

For Al =1, m = [+ 1 dominating exponent of the power-law of the OTOC will be

G = 47 (9oll(6y6: +67),67' ), @10

= 4(¢o|(—i6}6]")?|¢o) = 47>,
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Similarly, C-'"'(2) = 1672 and C/'! (3) = 3672
For Al =2, m = [+ 2, dominating exponent of the power-law of the OTOC will
be CH'2(1) = 0, C'"2(2) = 641°. For Al =2, m = [+2. This power-law growth

approximately matches the dynamic region of the Eq. (3.18).

B-III Time evolution of LMOTOC

We consider Pauli operator in longitudinal direction of the coupling. Using Eq. B.4, the

Heisenberg evolution of the spin operator 6)5 is obtained:

A

T
z

A

6£(”) = ( ;x)na-)i(UxxUz)”v

after applying first kick 6/(1) is

N2
~ AdAE Al A At A TN A A IT)" A~ INES A
6:(1) = U;U}.6,0.0. = U} (6, +it[Ho + Hy, 6] + (2,) (A + Hy, (Ao + He, 6] + ) U
Since, [H,, + Hy, 6!] = 0, then
Al N P NN () PN Al Al Al
6,(1) = z Yx Z:Gx"'lT[HZ’Gx]+T[H17[Hza6x]+“‘: (1) = x—2TGy+"‘-

We apply second kick then 6/(2) will be

A
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61(2) = (6!~ 276] — 2¢[6] ~ 276] ' 6! ~ 21616/*! — 276! + ir(~2i6]
—2r(—2i)6z’6)’,“)+---]+--->, (B.12)

— (6;_476y[+(27)2(6’6’+1+6j+6§)+(2r)36216yl+1)+---),

7y
We apply third kick then 62(3) will be
61(3) = 10}, (61— 406} + (20)%(616/* + 6{+ 61 + (20)°6l6] ) 4+ ) UL,
= (A£—616yl—|—2(27)2( 56,7 + 6{+61) +2(21)°6.6,") +) +oo

(B.13)

Consider Al =1, m =141 C:'™ (1) =0, cH'1(2) = 6415, and C-' (3) = 2567°. Ex-

ponent of the power-law approximately matches the Eq. (3.20).






Appendix C

Out-of-time-order correlators of
nonlocal block-spin and random
observables in integrable and

nonintegrable spin chains

C-1 Calculation of post-scrambling OTOC using random
unitary operator

We calculate long-time saturation values of OTOC for spin-block operators V and W are
calculated by replacing the unitary operator U with random CUE of size 2" and averaging

over it. Two- and four-point correlation functions C»(n) and C4(n) are calculated as below:
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C-I.1 Calculation of two-point correlation

Two point correlation (C»(n)) averaged over random U drawn from CUE of size 2N is

given by

U ] ———=—7U
= Te(W (n)2V2) . C.1
2o TV ()272) (€

Ca(n)

Since time evolution of W is given by Heisenberg time evolution as W (n) = U (n) "WU (n).

Hence,
e’ - woweov)’ - Ly Gioweov )’
n = _ -
2 dAdB dAdB j=1 7
1 = = U
= GIUT k) WD) AU [m) (m| V2] ) = ——— 00, WHV
dAdB j,gm AdB j7§m n mj-

—
, T A A i
Since, Ui iUim = Yjkim 8 8jm|Ux;|* and |Uy, > = &

v_ 11 520 : IS PR
= S OimW2V2. = W202 — ST (WA TH(V2).
dAdijkZl.m KL Cjm Ykl Y m da d dZ iV drdg d (W) Tr(V7)

Ca(n)

Since, dsdp = 2V. Hence C,(n) will be Cs(n) = 5w Tr(W2)Tr(V2).
Since, block observables are localized spin block observables defined by Eq. (4.5). Then

calculate Tr(W?) will be

Y6+ Y, Af&;). (C.2)

By using the properties of Pauli operator, square of Pauli operators are equal to identity

matrix. Hence first term of Eq. C.2 will be equal to ]%,ZN . And second term, ), oy é'fél"f is
equal to zero because Pauli observable follow the anti-commutation relation. Hence, C;(n)

for the spin block observables is

C(n) =2 =_" (C.3)
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C-1.2 Calculation of four point correlator

Four-point correlator [C4(n)] averaged over random U drawn from CUE of size 2V is given

by
—U 1 ~ A A A U 1 A A_A A A A_A A U
Cy(n) = Tr(W (n)VW (n)V) = Tr(UTWUVUIWUV) |
AUB AUB
1 B I TPV TRV PRI IRV TRV TP
:a%'z ((|UT[i2) (i2|W i) (31U |ia) (ia|V |is) (is|U|i6) (is|W |i7) (i2|U |is) (is |V ]i1)
ilvi27'7i8
1 Tk T Tk T Us ) 7 1,
= dadn Uil,igUi3«,i4Ui6,i5Ui7«,i8 Wis i3 Vig,is Wig ir Vis,iy
ACB iy iy-ig
1
ﬁ 512 i3 611#451671755 ig |Ulz i | |Uls is |2VV12 13Vl4 15Wl6 l7V18 i}
ACB i ir-ig

2 A
512 i7 511718 613716 614 is ’Ui27i1 | ‘Ui3,i4‘ le,l3Vl4715 Wlmhvls 11)

N A A A

1 N

* *

0is.i5 Oiy. l461ml7615,lsl/12 i 612,14016 is Ui is Wia,is Vi is Wie i Vi i
dads ihi-Ig

*
612 i7 5’1:18 613 i 6’4 is Uzz lels s Ulz i Ulst in, 13Vl4 is 16717‘118 ll)

1 1 N n N
) Z 6!7 ,35” 14316 17515 ig Wip,i3 14715m67i7‘/l.8~,il
dadgpd”—1 .
i1,ip-Ig
+ 8, 185, 18 i Oy i Wi i Vi i Wi iV
ip,i7 Yi1,ig Vi3, ig 14-,1.5‘/Vi27i3vi47i5m6~i7vi8:il
1 1

Z <6125l’5 6117l4 516717 615 18 127l’3‘/l4715m6al7‘/137i1

i1,02°18

 dudpd(d®>—1)

612 i7 6’1718 61% 166l4 is Wiy i3 Vig.is Wie, l7V18,i1) )

1
dAdB d2 -1 e ( Vi isWis i Vis.in +le,t3Vl47l4Wl3712Vll,i1)
1 A N
dAdB W i\ e <W V’4vl4VV’6 16‘/18 i3 + ‘/Vl2713‘/l4715‘4/l6 l7Vlg i1> )
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G’ = ﬁ . <(TrW)2(Tr\7)2 + (TrWZ)(TrV)2>

_ dALdB% (Tr(Wz)Tr(Vz) + (TrW)2<Tr‘7)2> +O (ﬁ) '

Considering traceless observables such that Tr(W) = 0 and Tr(V) = 0, and dydp = d we

get
aw’ = 2L i) = - L )i, 4
dd(d*—1) d*>(d*—1) ' '
For traceless observables C,(n) will be
v_ 1 w02
Cy(n) = d—zTr(W )Tr(V=). (C.5)
Hence, OTOC for the traceless observables will be
)’ = o’ —Gm’ = L)) (14—
= 2 4 - 42 21/
| N , d? 1 5 oD 1 1
= d—Z(TrW) (TrV) g e (TtW)=(TrV)” = PN 1~ 3



Appendix D

Quantum information diode based on a

magnonic crystal

D-I Diagonalization of Hamiltonian of 2D square lattice

2D square-lattice spin system with nearest-neighbor J; and the next nearest-neighbor J,

coupling constants (taking /i = 1):

o)

Jl Z 6n6m+‘]2 Z 6-n6-m_P'E;
(n,m) ((n.m))

Jl S'nSAm +J2 Z SnSm+_ (S:§;+l _S‘;S:-H)}’

] A A A A A, A, ] A ~ A A A A,
Ji { (S;S,;; +S;S;) +S,§S,Zﬂ} +h Y 5{S,;S,j; +S;S;) +Sgszm}
(nm) ((r7m)
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Spin-half systems have two permitted states on each site, i.e., | 1) and | J.). Operation
of spin operators on these state are given as
SH=11), $*11) =0

ST =14, S|4 =
” 1 ~ 1
Sty =511 F1h=—314),

(D.2)

Transformation of the spin operators in hard-core bosonic creation and annihilation opera-

tors are given as

SA}—?’fl_,n aAm ns
S = Ay (D.3)
Siun =1/2= @, yimn
Hamiltonian in the bosonic representation is given as
A 1 S
A= - [Jl y (a,tam Fandl, —alay, — ajnam)
(n,m)
sta o aat _ata s\ D
+ ) Z a,dm + and,, — 4,4, — a,,am | + A Z a,,anJrl a,dny1 (D.4)
((n,m})) n
Fourier transform of @ (d,) is a}:( i)
N ik, ~ 1 ik
a. = e "a a:=—=) e"'"ay,. (D.5)
=L RN
Inverse Fourier transform is given as
i, ay. (D.6)
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After summing over n we get Hamiltonian (Eq. D.1) in k space as

H = Y ogajay—DY sin(ka)ady = Y o(£D.k)ad; (D.7)
k k k
where,
o(£D.k) = (0(k) £ wpy(k)), opu(k) = Dsin(ka),
o =2J1(1 =1 x) +202(1 = 1), ik = 1/2(cosk, +cosky),
Yok = 1/2(cos(ky + ky) +cos(ky — ky)). (D.8)

D-II Calculation of left and right out-of-time ordered cor-
relation functions

We will calculate OTOC exactly for one magnon excitation state given in Eq. (7) as

Here, 7),,/, = 6,

m/n is Hermitian and unitary, therefore, Eq. (D.9) transforms in the form

given as

C(t) =1- <ﬁm(t)ﬁnﬁm(t)ﬁﬂ> =1 _F(t)v (D.10)

where F(t) is given as

F(t)= <¢|5Alnﬁm(t)ﬁnﬁm(t)ﬁna2|¢>- (D.11)
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In the above equation, the expectation value is taken over one magnon excitation state

a'|¢), where |¢) is the vacuum state, equivalent to a polarized state. First of all we

calculate the product four obsevables in F () (Eq. (D.11))in bosonic representation as

T () A ) (2) T

[1 ZdT dm( )][1 —mjﬁnﬂl —2&;&,,1( )Hl —2a an]
[1 267 a (1) — 266 + 465 Gt )&,ﬁan}
{1 — 240 () — 240 4y 4440 A (1 )d;dn},

1 — 440 4, (t) — 48] 4y + 440 4 (1)@} 4y + 44 4@ (1)

447 GG A (1) + 447 4n@) An + 48] Al dn + 44 And) Ay,
84T Gl ()8} 4y — 84T And) G (1)4) 4

+ 164! G4, (1)@} and) A (1)a . (D.12)

Further, we calculate the expectation value of the last term of Eq. (D.12) over one

magnon excitation state i. e., (¢|d,a} an(t)a}

of bosonic operators [é,-,&j-] =

(@|n@) A (1)@} Apdna A (t)al dndl|9) = (@|dne

A A AT A

|¢), using the properties

iHr AT PS

a,dnpe

thaAZ‘ndme it AT Ame—lHI AT‘¢>

= (P(1)|[P(1)),
(D.13)

where [¥(1)) = dne'al 4ne~ 1147 |9). Fourier transformation of the |¥(¢)) and diagonal-

ized Hamiltonian will provide

|¥(1)) = _Zez( k(m—n)+aye/h) 1 Z i(k (m—n)—a@,1/h) 16)

1

/

k

WQ192|¢’>-
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Hence,

1
(P(t)|¥(1)) = ]WQleQ@z. (D.14)

Similarly,

(0|anGmn(t)af)9) = —Q1Q (D.15)

After doing some simple bosonic algebra, time dependent terms of Eq. (D.12) are converted
either in the form of Eq. (D.13) or Eq. (D.15). By using Eq. (D.14) and Eq. (D.15), we

calculate F'(7) as

4 4 4 4 4
F(t) = 1__-Q'IQ'Z 4+m9192+mﬂlgz+mﬂlgz+mﬂlﬂz
4 8 8 8 8
+—Q.1.Q.2+4——Z.Ql.Qz—mglﬂz—mﬂlgzﬂlgz—mﬂlgz
16
N491929192,
=1 SQQ. S.Q.QQ.Q 16
—_m12+m1212- (D.16)

Then, we get left and right OTOCs’ analytical expression as

8 8
Ci(t) = mgfﬂé—mgﬂzggfﬂi
8 8
Crl(r) = ¢'(D)(750kef - sofafataf). (D.17)

L/R

1/2 are given as

imoT TN
oFf = QR*:Zexp(—lmO r1’2>exp (l %0 ), and
mo

where frequencies Q

ao

t
Qf = 05 =Y exp(—ik; ri2)exp (lwg" ) (D.18)

mo
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