ML TR FEH mRIZEA Grassmann 5K & : H—7F 51
GrassmannSymbolics i H 21,

2026 £ 7 H 8 H

HE

R Ref/ T EBPOK TR M Grassmann 5KREMZHiE, HAR2 i CHR
fF THES MO IIERIFT 5 5k, LRZOR: S8 EIEW hopping FEFE A R
AN —EIE; R B LGN ) Grassmann A8 B 5 120 s B R 4G S KPR
. HARNREZ IR A Grassmann Tk, HAAEEARIKER, K2R
KOkt St i AR KR .

1 [E@5EREHE

FIE d AT R B N P EVORT . IR EGLAMEH RS S

S2 = 3 B(n) (DY) (), M
! d d
Dgp(n,m) = Wab(n)én,m + Z(Xu)ab(n)(sn—i-ﬂ,m + Z(Yu)ab(n)&l—ﬂ,m' (2)
pn=1 pn=1

RVFHIMAE R RIS Grassmann 2T Sing(n), BV SFKMEEAER . MG AIEN XY,
FIB L R BUREE, 590K TR 5 B S B BB 4y o A PRIGIA 28 il i ) 784 FH A 25 A Trotter 43
it X —IE A
2 LEHES
2.1 ZREH—DE
SR 6] hopping %8 FEAE &7 A5 20 fif
X, =U Sy (VO Y, =UYs (VL (3)

PURBIAET % 50, e KT MO B K, = rank X, FI L, = rank Y. 7 S4EFEA
G A LM SVD: R T R th B A0V FE P PR AR R B — S X = 3, wescule



3 THITHE 2

2.2 iHBf Grassmann [BER,

FALE TE A AR S X
e SXX — /dﬁ dn e~ M=XN+six (4)

X Xy 5 Y, GIN e 5 Guee TEAK R n WERFTE B IU6 o (n), ¥(n) FBETE, RiEEA
sREHN

N —
7;1 = /};[1 dd}a(n)d’(ﬁa(n) 6_’1/1Wf¢)_sim(n)

xem1§j{—(wmfkmwoo+@§Jm4n—4w«wfﬂwk}] (5)
,C
X exp [Z {(@ZU;/)CE#,C(n — 1) + SZ,cCu,c(n) ((VMY)T@Z})C}] . (6)
,C
T T R R T e T AT PR AT, BT DA — B e @ SR AT S B
& XA P2 0 ER
\Il/.l: (nu,h'"’nu,Kuvgu,l:"‘7CM,L;¢)7 (7>
UL PR 1210 7 1R 21
\Tl“ = (EM,LH""75/1,1777;L,Kua"'717u,1)' (8)

WPy A e I P AR ROMT S I Z0E . AR T B I HERR L £ . 2%

Z = gTrH7:111(n)---\I/d(n)\de(n*Ci)""I’l("*i)' )

2.3 M Grassmann ZINAZ|RZEKE
BB RN SHEEGC N i € {0,1}. [ ey R
T=> TG (10)
Hr G BX MG P Grassmann BRI, T; &8 @ 8 a5 250 B1EHEZ B R

B FE A

T;=0 if > ip=1 (mod?2). (11)
k

TP AU (RAF AR I B3R U FUBRIG;  FL ELEHT B B 2 A S LA s P Aok
FAA
3 APITEE
4 R 45 LA T
L EER BT . M SOT I AR AR JRIA IR Berezin JURENRT

2. JEAEF B AR W + Sy S FUHEAR X,.,Y, .
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3. XA hopping FEFFREE SVD, BOSEUH 4 H PR Rk — o i MR ZFiEiE .
4. N ETEE ME— 5B Grassmann X, FEiCsRITETT A 5H A A K ERR A & .
5.t Bk R, AREIT, Ok W E AR 4G
6. B oA R R I O R 2L 193] T ks R B0k E 1),
7. M =RRAE: & Grassmann fBPE; BREBCCHA IR NI S B S B POK TR 8T
7wy
4 HE—HE: BH Wilson 5 staggered ZXKF

4k Wilson KM r=1, W = (M +2)I. XHEZE B %P4 J7H 1) hopping 5 ik

1 (-1 -1 1 0 ;
Y=l 1) Uy ) e (12)

SAITFIIRT S5 ARG L — A IEREE, B U, = (50, C)s Ty = o) ST
examples/Free_Wilson_and_Staggered. jl. EHEBENRBIEEEST SR, HERE RS
3 (B.4) %

4t staggered T RE —ANEMG 5 &,

S=>> x(n)

Hrb py =11 pr = (1) o BAK R I Z B T UGB AR 45 RZ R L (B.6), IF
AR p, HBLFANERSE. & n, PERKE.

E:pamxm+ﬂ”;“”‘ﬂ”+Mxm1, (13)
p=x,t

41 HRARM—BHEF

G HE R A R TC A M, FRT RN CRAE P 0 S i ER &R (3.10) B4
320/ tensor, PLAIRFH MR /AN published_tensor. PH XA EEA Grassmann H.
T 2P 2R 25 A S5 I A SR SR I

XL & staggered 3, AEEAERRIBIEERA TS A

— Mxx + YA + By, (14)
Hrp A B 2B E R Grassmann a2k 44 4. Kt
/ dydy e MXXAXA+BY — _ 7N 4 AB, (15)

FOLRME ZBUERE L MR — o XF arXiv v2 JRf TeX I (B.6), EHAT (0, &) FF (72, 70)

(CE NV
-1/2 -1/2\
det <+1/2 1/2> =1/2 #0. (16)
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5 AR IS BRSBTS 0O Q. FELEESMREH S

= 1 WS Q2 £ 0, BEE 16 MEFMKETR; TIER Q = AB 44 Q> = 0. K
X (B.0) WA TG S T o B AL, B (5.10)
BB, TR NI

77xC:Jca PN Gt Qfx'r_]my PeCaMes MGty 51‘/"77&- (17)

HARTIL HHIM Grassmann 1 —3. 75280 B K450 24 Fsos i 0 U5, 8
KEFORZETN 1, ERWA LT SVD A6, AR50 H IR B 1% SRS 5% 8 B ) broken check,
[F T DAVE FH B ELEEHE S 45 Ao T4 sk & X R 3l R 5 18 AN /A& i B 505, AN
SRRV TS S

Wilson HJ30 (B.4) Sl X 1H. BTRFERE X, XN HE 3T 6(n+ f,m) KIS IHIE,
JERVFERE Y, XL 6(n — fi,m) BIEE 818 SR SCHREE S FINR] 7 1) SVD AHAL gy, G — —me, —ct
J&, TE 256-bit ¥R & =AM D L, KB RFORZEN 3.5 x 10777,

4.2 fEERIKIRR
BRI ERH &

S=—t 3 [Bn+0)(n) + b(n + )] +m Y blnywn). (15)
n,v=1,2 n
10 g = Vi HOTHR (12) (14), AT (@, 0,) LIRS, FskE s
2
7;1 — /Vdd}df(/_} e—mﬁjd) Heqlﬁ&)u(n_ﬁ)eqlﬁ\pu(n)eqwq)u(n)e_qd’qlu(n_l))‘ (19)
v=1
SCHRIE T B 158 e
(@1, Uy, Dy, Uy, Uy, &1, Uy, ). (20)

SEIL AN examples/Simple_quardratic_model.jl. M7 A AREAIRE P15 E] 17 NMEF)E
AT, R (16) AEs 28 AN HEAC B IR IS Pk AU G —PIRE Z =4t —m

4.3 HIRX Gross—Neveu—Wilson 28
B EANFESE Wilson @K T I ZFA S RS KIERH. 2 D =m+2r, W&
AR HE RS v
Sioc = D(Y1301 + arhe) — 29 P1p1barha, (21)
LN}
e %oe = 1 — Dy + (D? + 26 )11 Pats. (22)
X B R R A A A SR SRR — iR, RSB B B BT PR onsite 2 Wi, PYA
Wilson hopping 45438 G — AN AEE A FIEIE; id 2 = /2, s = 1/vV2, )\t s2% Al w h
(M, &1.m2, €2, 1,771, €2, T2). (23)

SEPL A examples/Single_Flavor_Gross_Neveu_Wilson.jl —2kEAE B ERHE, H—
SR s S % 20 (24)-(30) HIAHAL. A F1 Ao 430 28 N REUY—8. F it iesilat (26)
1) (—1) FBECRTUZ AR MIBE jos #2 PDF SCAHMENES FAR R 5) 218 it B S Aot 2 I 1R



4.4 T 0 INAY Schwinger #&H!

ZAER KA AL Grassmann 3 FUESHVE R AR . X staggered #oK T, 2w, = €™,
p= (1", s=1/v2, M3 C WREIKIKETI HESERFER] BTN

(<17§17427§2751761752a52)-
X AR FHSCHR M dydx, PRSIy +mo FEARE AR AT S8 #ie REGHEAN

i1—J1

12—J2
ul .

Ugy

43 28 AN RFE (C.4) —F
0 WiFFAMAE Grassmann fR55, Tadt N EEPHFTE plaquette 5K &

9 .
T9) « exp |Bcos(mf) + o loge™ | |
7

(24)

(25)

(26)

Hrp X8 EE, f RUFEBETERA M. FEHIE O NEFHR KK ERFESIHE R
B RBZ 0, FiE 5 iehr G . S examples/Schwinger_model_theta_term.jl.

5 1REEFSSEINF

e TEGE— AR b 1 45

Free Wilson and Staggered .43 & Wilson hopping HJ#k—iHIi#; staggered MHL; 1EN
R R P 7

Simple quadratic model s/ RN, T IR T . SR I B SN R
THTEC 7 R 2

Single Flavor Gross-Neveu Wilson 7837, fb2% 3 KRk IY 25K I 75 ICAC SCRk M B

Wilson B/ MELIE

Schwinger model with 6 hopping H1 & U(1) #4%, 7H plaquette 3K &M FH

term T FeRRTOR T, FAEETERR )

two-color QCD SU(2) B Aoy &4 B3 Haar F393 LHITE plaquette 7K & ;
7 o I P R AN R 1 A i R R AR K &

NJL staggered #KT5RINZ KM E/EH; JRE Boltzmann
Al 5 A A PR T

1D Hubbard e L I E . 2RI hopping 1@E . B HEHS Uning

JREIT; A S M d 4 1 4ESUR R

6 MEHELENLEOMZITLR

G AN LN CRIF 2 G0, NI E A E I E: . # a7, R,
A A hopping Wi, Bt REANL AT Fath B A Grassmann 5K BRIl . Mot
FEKE . BRI R L NS N IR BB R AT IR BR R . 775 SVD ARRER, FEETE—

ORI — SR XS SR IVEBE AR B SRR E MV AR R e H B



7 BHELH5—HHEEEE 6

7T FEE—HMRERER
« Wi Z = [e™¥, AELE hopping SR B R KRR
o SCHRER Ao de NGTRE AR PP 9B A 1 FRBUR 40 41— 5.
o FEHEE A MRS TURIE T, SRR B R S B S

o ABL M EAR R BA R B R 5Ok EE RN A IR [R]— ELARE, AN R BB
Zo

o [T HRENOZ BRI R R HL, A OB TAT B A SE

o WANEARKELMIER R T UAUN Grassmann 8; /N o5 6 9 45 D 00K R BB 0 25 R

8 Two-color QCD ###!i25

A RE RGBT RIARR VUK SU(2), [FIR staggered K TGP MBI 8. 1F

Sy = 2:QAQIWMxmwmen+m—ewwxm+ﬁwﬂmxmﬂ+m§jﬂmmm,@n
Htp, =1, pp = (-1, BEEIAN N =2 2EAIWEHDT 0, . BEWKS n J5, R
B3 0 R A i 5 N

= / dxadyrdyadyze XTI (14 31 A) (1 + 1 B)(1+ x2C) (1 + x2D),  (28)

PR it
F = ABCD +m(AB + CD) + m?. (29)

XH A, C WEEE RS S ARINAL o BLESR B SO REER UTC, T B, D WK B 505 1R BE 1
Ui CARAS SRR ¢ Biltn

A= —ng1 =1+ (UD11Cen + (UD)12Coa + UN1Ga + U 1262, (30)

1
B = —[—(U)11Mz,1 — (Uz)2172,2 — a4 (Up) 1171 — a (Up)217e,2 + Ca1 + a—Ceal, (31)

2
He ap = eFp(n), C,D MFi 1 — 2 133, VUZKBER
X = NMe15M22,Ce1,Ce2), T = (Me,15Me,25 Ce1, Gt .2), (32)
IIAT R4 SCHREY 58 10 1 S A
X = (o2, Gy Me25Me1), T = (G20 Ce1 Te,2, 1) - (33)

#FMA diquark source, NI [F]— Rj3AA 7045 H

F\ = ABCD +m(AB + CD) + i\ (AC + BD) +m? + \2. (34)
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HIR B BIMVEER A Grassmann F14), 1M7& AN Haar SRAEITL
Gijri = K2 exp gReTr(UiUJT ulo|, (35)

FHE T = F - G M 3EAYIMAKE, SN ¢ = (47, q.), HE 22K = 16K. SZHLI
examples/two_color_QCD. jl; TR R AR B3 AR F, JFRSIX T A () ABCD 2
RIGUE. RS ZEMNRE R source A 733 NEZE, & source BHE 785 MNIEER, —FHHF
Grassmann FEIAHSE

9 NIJL #&#8i2%

1Z SRR U 2E Kogut—Susskind 29K F. W a =1 5, fEFHEN

4
S=5 3 mlm) [ (m)x(n + ) — ey (n + 2)x(n) (36)
n,v=1
+m Y xn)x(n) (37)
— 90 3 X)X+ D)x(n+ D). (38)

FATT IS AN Z R HIERT iy = (11,1, 30,2, 10,3) WIPIRREE. I hopping [ Grassmann 4>
R, 8= Gk I POk

1

er)ZX)Z’X’ _ Z (\/%XX)Z (@X/X/)i- (39)

1=0

S o =i y=io\ 2 =13\ t =14 Ja, VIBIKEILTIRE L

Tn;txyzt’:c’y’z’ = Instoyzt'z'y’ 2’ n;txyzt’x’y’z’Gn;txyzt’x’y’z’- (40)

Hor 1 2 JFUA S5 B Grassmann F10RBAEUY . 4 r= /g0 u=et/2, N

N
1 _ 14l
I—( 1)”1(y1+y2+21+22+t1+t2)+n2(Zl+22+t1+t2)+n3(t1+t2)< 5 pM i —ta+t =t (41)

X [—m ADAO + AlAl] , (42)

KN A A MRS bR T EIE 1, 2 1SRRG MR AR IEIE 3 1 5 R 5 Kronecker
K7 A EAR R SAHRAR X 5 x KEREN ¢:

t1+t3 a1 +os -ty Hys ez ety g tah Fahtys tys 225,00 (43)

B b

g=0
q = 5t2+t3+z2+x3+y2+y3+Z2+Z3+t’1+tg+x'1+x’3+y’l+yg+zg+zg,q- (44)
SCHRI GO R 2 T ) Grassmann W B AL UE A, 451 40 2K I e 22

(Be0)" (TeW0)'2(By D)™ (T, W)™ (B Dy ) (T, T, ) (B, 0,) (T, T) (45)

A7 B AR Ac#e S S AR EE o SEILN, examples/NJL. j1: fXASZrAISEH 1. S H1 G,
FExF A 73 ANATREIER R IBAEiE . \ P EEE (n1, ne, ng) BOUEE A (2.11) 51F
HUF Berezin F1r—2; X (2.15) 19 S 53U (2.14) W7 /B Nk & o/ 8 o A i,
POCHRAE I AN Grassmann 5K 5 € X, HEIMEE: O FZFENHH coefficient. monomial Al

measure order —ZE0HHE .
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10 1D Hubbard =& FE

SN E € 1/2 Hubbard W8 WUR ISR A A . BR8] AR AR @ = 1, BSHOn
PR e, EHERTER

§= S e | P afun4.0) 40— ) (46)
> @)~ el (47)
Hep o = (¢y,9,)7 . Appendix A X d+ 1 4ERETEL HARINIA M #; 76 d = 1IN, SCHRBER

\Ilo = (%m No,s CO',T) CU,i)v \I]T = (777',T7 777',l,>7 (48>

DL J 1a) fhi
\I’T = (ﬁT,J,aﬁT,T)a \I’U = (ga,J,v ga,Tvﬁa,i’ﬁo,T)' (49)

L q=+tes h=1+ pe. U, =Ue, RBWHTHN
exp[—Uctphyh ¥y + h(yior + 0] (50)

7% (8] hopping F22E 1., (, PG, BRI 24 g, @iE. Hik d =1 MEARKER 12 M2
pei il ICE =g s S /N examples/1D_Hubbard. jl: — kB8R EL A SR Berezin 140 AR AR 55
I —2k 812 1% Appendix A H] Taylor PREEIZ LR, PSR AR 2 3 B CHRER /7 . 4356

12 = 4096 4> A BB WUHAE, HAKEA 100 MEETI,

XAMERUAT NJL —FEERERIRATT: SRR (A8)—(A10) G #4755k H il Bhig K I B 1 =
o Witk Hbr s 4540 R ORAE Grassmann B AS B AUORAF I FEXT B, VAR IX S s SRR
metadata, MAREERFRAKFGH coefficient. L HINMMBEARME DN REE =EFEE: &
AR R A SRR BT DL R T IR W (R E /IR 45

11 Nearest-neighbor compiler layer in code

The symbolic implementation now separates the universal local Grassmann integral from the

model-dependent decomposition. A compiled nearest-neighbor tensor specification contains
T= /Dd] eXp[_Sonsite(wv 1;)] H eXp[Bc(wa J]; e, ﬁc)]a (51)

together with the external leg order, channel tags, and metadata needed to compare with a paper
convention. In the Julia source this is represented by LocalChannel, NearestNeighborTensorSpec,

and compile_nearest_neighbor_tensor. The higher-level structured interface NearestNeighborAction
collects onsite terms OnsiteTerm and factorized nearest-neighbor hopping terms FactorizedHoppingTerm,
then lowers them to the same tensor specification by nearest_neighbor_tensor_spec. A rank-

one hopping factor

exp{L(¥, ) R(¢', ¢')} (52)
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is entered after Grassmann Hubbard—Stratonovich splitting as two local channels, for example
By = 04L777 BR = 677R7 (53)

with the signs and square-root normalisations fixed by the reference convention. The compiler
does not hide this choice: it records the resulting leg order and the channel tags, because the ex-
amples above show that the same closed partition function may correspond to different published
elementary tensors if auxiliary legs or Berezin measures are reordered.

This layer is therefore “universal” in the following precise sense. Once an arbitrary nearest-
neighbor fermion action has been decomposed into onsite terms and local channel exponents,
the package can derive the elementary Grassmann tensor by symbolic expansion and Berezin
integration. The remaining model-specific work is the exact channel decomposition itself: dense
hopping matrices, gauge link sums, source terms, and four-fermion interactions must be factorized
into a finite list of local channels before invoking the compiler. For the models audited in this

document, those decomposition rules are encoded in the corresponding files under examples/.
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