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Performance Evaluation of the Holographic Quantum
Happy/Steane Code under Pure Pauli Errors (X, Z, Y) and
Depolarizing Error

Abstract

Holographic quantum codes represent one of the most prominent modern
approaches for connecting the concepts of quantum error correction with the
holographic principle and the bulk—boundary correspondence, offering a
simple and analytically tractable model. Among these codes, the Happy
code stands out as it is constructed using perfect tensors arranged in a
hierarchical structure, enabling a clear geometric realization of holographic
guantum encoding.In this work, we construct a zero-rate Happy/Steane code
by integrating the Happy and Steane codes, and we evaluate its performance
under pure Pauli errors of types (X, Y, Z) as well as depolarizing noise
within an independent noise model acting on the physical qubits. Our
analysis employs an Integer Optimisation Decoder. We study the logical
recovery rates as a function of the physical error probability and compare
the code’s behavior under bit-flip (X), phase-flip (Z), Y-type Pauli errors,
and depolarizing errors.The results show that the Happy/Steane code
exhibits an error-correction threshold of approximately 15% for all four
error types, with variations in recovery performance depending on the
specific error model. Furthermore, the recovery rates improve as the number
of code layers (R) increases. Simulations were performed using the Google
Colab computational environment to evaluate the code’s performance.

Keywords: Integer Optimisation Decoder, Happy Code Steane Code, Pauli

dadia
(Uil Axuly Ao saSl) Apusal) il (L) e dpesesl) lbdll maal e
Pla ezl 8y 450 cDlelilly manall aldl dpe sel) VAl sl Laliel) s

61




A Uadg (X,Z,Y) 4l Aol slbadi ciad 48) 2 slgl) da gasl) HAPPY/ Steane 5 ks ¢ apds
(Depolarizing Error)<daiiug)

(Surface mhull Clhind i e sasl) Chail) e 3aaeie CUle dnzalall 3giall
& lle 5.1 cadl )y « (Concatenated Codes)asilsll <l auill Codes)

il yail) ol Apesalll ¢ UadY) mmia illalade (allaii (Sl s gmaia 7zl
Lalandl chadl) aad Jld) Ju e . ilaie Cuyp€ JSI 4005l culiy K1) YT
Ailpe clis€ O(dD) ks cum aelgll 1 ST a(surface codes)

il gihaie g€ IS L5 Ca5S O(N) laiay s sy e ae o 320800 Adlisal
sl Sl a3 e il e edlll gay LO(€M) ke duilaia Ui Y ane
e 2aad) 5 cgasaS Al Bia Gl Lppadl) (g pall @l Ly 3)3Y)
) Bainnall gl o3a adx Ales ApageS Cumlsn agki Gt Aanlad) cibaail)
o2 dgalse (G vaa jshie sag A)e sl sed) dre sl A sall 2 3 g LS
Allaes e dsedl Tl o sl gl e BalEWY) DA e clbaal)
Gsine o uSuluy i angil G (e dsell Tl -5 LADS/CFT
-Adhiall oda dg0a e Jaat dgpkat Aol gy ddia g (S o Liadl) (e Adhaie 3 Glaglaall
Coiks bl Aelal) b cileglaall (585 AAS] Gull Liegh Taaall 13 (s
leasiil 3l ((ADS/CFT) Alulye - olSaill dusing clasbeall (p disee s 35n
O (HS) Tnbsa)) sy i L) Ldbeslsel) Tl Lasale Gdad g clipulalle
Glsial) Jlaal) dpkis (d + 1) slaY) 53 Anti-de Sitter ¢lad 3 dpilall 2k
O Ao Jlael cpelal sy o Lail) 13g1 (d) ala) @3 35aal) e 3352 5(CFT)

aaxall Y B S G e gl ¢ UadY) s Axly oy (S Tanall 138
@l Al dpa e A ddae e Alples Bk dlaie Clasles 4da(bUIK)

Happysyiss a5 208 ol gell dpa gl Chlyindlly Cojai san 458 geda ) llyoY) 134
b G bl 3] Wl Rdsa oy aTy Pastawskiddawls sy JsY < Al

dae )y s Jiai dpaps A0S 840y (Perfect Tensors)aaltia <l gud aladiuly

62



CEC

@LAJM\J@L})@SS\JLSJM!@&@J\eJM\M uaas dadla dlaa

P o N T 2026 plc 5 13l 48 sl

eUad) i Cibind e 2l sk 2 (HapPYsiss cuila ) Lo LtV Al
o3 b Lela Sdle sl 8 L) ad Cun (A Al lsgl) Aye sl
Bl et e adiad SN Adle dlsell i 5aud o2 (e - paelial)
Ay jaally T2l DaasaSl o UadY) ot bl (g lgnad (s Byah 2ay . (i
eie Lt gl on i oLl Lmla laiye Ll Lo e Bipae (ailiad LSO
O et i () 1855 (S (3o LSy o UadY) rmaat o g)ad s giilia ) il
Cilaslaally Gpasel) pdlall Clinds 4 LA Ge 533 Aege U ddheslsel
e e L)y i 50l g HAPPY 53l (ailiad 4y G a8l A sasl
LS Depolarizing Error s &l sk ¢Uaal I Z8laaYl ey ol e o Uil
&b oSy iyl e claal s Happy/Steane s pailad duly cud
aall J5b s Uasl cas Happy/Steane syud ol aiis oly e 3Su liuly

.(Depolarizing Error) iy A Uasg

sduagl) auats

Coagdl S8 a8 & Saiall Jeall e Aadiag el o3 U il (35 Canll alati
zod 208l b5 b ] Bl b dmage duls ela) & Wanys caBihhy Gl (g
3ol b lele Jpemnl) ) eibial) iblie 5 Tpaly 5 6l) ey

tduagd) o

Dy £dhe dloel) daa oSl Happy/Steane sy ¢l auiis ¢y ) Canill Cangg
O ¢ Uadls (X) Al ) e Uadl g @il 5l o Undl emaa e L3y
stk aly) ey (Y) g5 e b ¢ Uasly (Z) g5kl

63



A Uadg (X,Z,Y) 4l Aol slbadi ciad 48) 2 slgl) da gasl) HAPPY/ Steane 5 ks ¢ apds
(Depolarizing Error)<daiiug)

a3k dsa

c.A‘.J)J e\.);:\u\_\ 3l g ‘fA)Ah .J:\.\uﬂ\} 473.\.});.\“ ‘_B)H\ UJ; Gl Adiag
RAM 12 GB clialses s e ellyg 55ai0 Hladl, <Ll Google Colab
Windows10 Juis 2Uais CPU 2.00 GH

dpage duln 1
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