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Abstract The coherent control modeling problem is studied for quantum computers ex-
posed to open environments. Originated from the mathematical model of multi-qubit open
quantum systems, the matrix basis of geometric algebra is used to convert the dynamical
equation of complex matrices into one of real vectors, and the corresponding structural co-
efficients are calculated. This work provides a basis for further research on designing control

laws.
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AR T SER R, i B RS F A E T ROR B T 0 TR R B,
Fl b J A BT 2 U R TG o B SC AR L. 3 T — 8 N BB IT L
BT R, N O A R S0 8 A T I R R 5 R T R
SATLIBIE N BB T RGNS N = 2, n W T HARSH. T N BRI
HEMOn RASECH, B LTSRS R 26 H B G SRR, B TG 24
AT SRR LA L 25 R B VST, O LT 9 LA,

A SO IR S HOAF BT R IE T NMR HA )32 B B JLAT (R 3 (zeometric
algebra) M ZFIR. BN, B, SRR BEABRAMET Markov 3BT
HOR T R A TR R, 2 W05 WA BT 10 R G0 T iy — o8,
HIT, T LATREA B S R AL, BT, 4 i Rk B A Y 11
Fi BT, BASTIR T — e

2 HETEEHMAR Markov AH 4 il #L AU

— e, T REMRE A AR AR 1 R R [ > k. EE
HEHE [ >, i=1,n g, Y > TUEE-NEEIIAE. B [0 > BREEN
KA. MARKGHEREMEERG, 0T RICREM T2 ABIR, RESFLK
WIREZS, BB py WHERLT [ > &, o ;L po IBERAET |y 35, Hd ps W R
D opi=1p >0 BRESHEHBED p= pilvs >< | Fefliid, H <l 2 [ >

Wy ILRRE A, B WAERE H )R, p ATLARIR MO — 1 n B IE R JERM K, NFRHh
A

EEFIHAE S, AU PRk R i LR dE T RS E T RS K
BE7Ma. BEK, —0n WEETHHRASLED » P RBARTRAVERTAMG4A
AT 2" e ARGE. BLRRIRES 2 6 A0 T A R AR R Tl ad

H=08" -®Cs

HfgA 2 e ZH = Cr iR — BT HENRE, H 2—1 2~ iy E =00,

FIREHEWAAHEAEN, FEABEREEFRRETFRENRES. —BORIFREAAM T
R UBEE—MRRERE, WRMCEBIEXN T REMIER, 2R RS SR
o5, MIETLAFIA Markov ALY X RGHIAL AT AL. XEEMGFIRET n HIFRT &
Y5 B R AL I 9772 (master equation):

p=—i/h[H, p]+ > T;D[Llp (1)
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KT HERL, FHATHEFRRNR =1 XETFREMES —RZELIMNEH s
W5 R G 2 B A AR TR . TEE2MT T, XA T — g
Wi H; A REFORK IR A SR R RER. hTXEH 77X H5E RS
SR B RE, IR RTF R THEAZE, FFR M T2, BrATEMH T2 T R
SR H R4 H = Ho+ Y wH,, o Hy R ARG H b i, H, B i

HlE R, ui(t) € R ﬁ%@*ﬁﬁiﬂ’;%"iﬁ%ﬂ?ﬁﬁ (A 8 B Bk o g JBE), 3 A~ BB BATT 7%
ERR . AR E, BT Markov Rl AYHE TR HIAAL T

p=—ihl[Ho+ Y uii pl+ 3 I3D[Ljlp (3)

3 n HFFET R TR @

p BATEM I & X, T p & 20 x 20 SAEHE, R T A RO,
[ B 5 L AR A S B 9 1 ik 28 DAL — MR 1 SR AR R R e — L0
BRI 1,5}, FR B = (21, Do, D 1) T AR RE R o 80 LR I Do ) MO
PR MR T B ¥ p FEXEIE TIRIFA p = gl +m- 3, o m g —4 4" — 1 4l
B (ROMER RBOR o 0 T 0 A R JLR SFAE A 1 Trp = 1),

KT RE R R, AT KT, I ELER AL

< A, B >=Tr(A"B) (4)
TRIERZHE—/. XHEH THEERTZ&E, —RATUGRMTHXR
2 = Z(Cijkzk + idijkzk) + 0451 (5)

k

Het e RTE=ZAMARXHR, B 0 R TFHIE i, 7, k B BRIV, WF cijre = coujn; dijr
FTFZAIR T FR, B dijr = (—1)"Ddgijy. 7(0) BB R E, RIS 3R 7R ok i
B SRFRET B & X e g . FRAA, B cijk = ik, dijk = —djik-

THFIA—NEREE L. MTAEMN 4" -1 4Em & a, &

(Sa)ig = Y crijar, (To)ij = »_ drijax (6)
k k

B Sa, To W58 LR cijp 2T RAAR I XT FRYE TR dijr 5T FAVAR A SO PR A B2 AT 1540
M S., T. A TR

1) S RXTPRBLE, T. A 50 FRAE K

2) Syasup =ASa + 1Se, Tha g = NTo + uTy.

5138 1. WM A=aol +a- XN

AB = (agbo + a - b)I + (apb + bpa + S,b +iT,b) - & (7)
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[A, B] = (2iT,b) - % (8)

E. m (5) faj BT A AT A5 O
R, ARIEM EZERA AT LUK (3) $R HTEAE R Y AR AR TE 2T m i B 5
EIE 2. AR {12 B EOrRBAEAL (3) AR

H=hol+h-% H=hl+h; % L;=1941; -3 LI =T+ I;)" %
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(TIJI.SIf + SIfTI;T )]m + Z Fj[(TIfSI;T - SI]I,TI?) + (SI?TIJI, - TI]I,SI?)—F
J

1
QTZR + 2T,2§]m +5n > I (Tyn I} = Ty If) (9)
J
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ﬁ\:qj ¥ =1, Ox,0y,0z,
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J Pauli # 4. PEC_ERBE R (12} FILMBHRA: 5%, Bl o, ©--0i, BRER
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ES €l Eay e
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F—F. WHEE {0, @ - @0, } HF, ®ir=0,1,23 33X 00,0.,04,0. K
(i1, -+, dp) XTRAE R O RE MEBE TR R ST 2, AT LAAS 20 DY 3] B 5751 (00 - 0)4,- -+, (3++-3)4.
PV BRI VE R R B R BRI R 2, MFa e iibs o A 4 R Fad fR A
BRI LAMS BIAE R B FIF, AR @ =0 + - - 4 04" PRSI (i1, in).

FZEH. XTI GO, BIRLEEEE, B4E i, ip. 0,05, TTHRHENE & &
€] ik FeH by K€l o TR 03,05, =€) o, LRI AL e Sl 1
P

1B RGH SRR

Table 1 Structure coefficient of one-qubit systems

(k, eijr) j=0 j=1 Jj=2 j=3
i =0 (0, e000 = 1) (1,e011 = 1) (2, €022 = 1) (3,e033 = 1)
i=1 (1,e101 = 1) (0,e110 = 1) (3,e123 = 1) (2, e132 = —1)
=2 (2,e202 = 1) (3,e213 = —1) (0,e220 = 1) (1,e231 = 1)
=3 (3,e303 = 1) (2,e312 = 1) (1, e321 = —1i) (0, e330 = 1)

FT=F. Hhk=k+ - +k, A" AILIRE] k, TR e = Hefpjpkp ATLARE ek eijr 7]

P
VIR LR £1, BT ik = eiji, digi = 0; e WA LIUAEEBEL mi, BB ¢ = 0,diji = —ieiju.
MR cje 1 dije TRV H (9) BEMEE .
A, FEXAMRBETWRREMLSRERN. (B STHEAKRRIER)

5 1
IR R T R A IR IR A TR | B iR T

p=—ilH,p]+ I'Dlo_]p (11)

H¥ o =0, —ioy, H= w%az +ux%ax +uy%ay, Oy Oy, 02 A (10) FH5E LAY Pauli HiF4.
AR IR —RERE T A R WA TSR, ERTIEIBME T A8 —Fr %
PLf. B H SR EinE s H = W%Uza AT RER MR G LR X EFiE o,
T oy 7 SNINEES, IMNRESZ R SR e AT wy, ARATFTLLH BB R, o
XA AR AR B TR F 5 B2 K A BAE AT ™ A 8 e 4 5 & & 56T Rt
2, X—d BasIRFEF A ENRREKE, FHm TSyl ey 3 LBl m R K.
BRI S = {04, 0y,0.} AT (11) FAL ARG m = (2,y,2)" 77

m=(—T'A+wO0,)m + u,Oym + u,O,m + I'g (12)

0 00 0 0 0 1
,g=101],0.=(00 -1|,0,=]0 0 0], 0.=
1 1 01 0 -10 0

0 -1 0
(1 0 0). EE Os, Oy, O J2& 3 HEHERFAER B AR s0(3) WAEMTT, ATLLE H RS
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0 0 O
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=FEBIT 2 JO7 AUz, BT oy MY TEEERER IR AT, XL EES
JEXT MICIE e, BN A EE A B R R AR T AR

6 4iie

A3CHE T 2 W R TH 5 R G0N T R fl A By R R, R IR A i 2 RO R Bh A T
FEFe Al S s 1] B B AS A, IR T ILAMRROR S i T B, SRR A By
—PhFR TR, NI N #E— 2 X T P R T B B T R i T2 it
BEHIERA MR, R T RAEREE BT ARG R BEREUE R, MRS H A IEX T
WILH RS H ARG G R A RERREE, FILE Tt/ sat. d—2Ee] %
S8 22 H AR AR Y A 4 ] A
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