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Abstract

Verifying the correctness of arithmetic circuits, especially gate-level multiplier circuits, is an im-
portant study, and currently the most effective verification method is to combine computer alge-
bra and SAT solving to verify gate-level integer multipliers. To increase the confidence of the veri-
fication results, proof certificates are further generated using a certifier to check the correctness
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of generating individual proofs in Practical Algebraic Computation (PAC) proof format. In this pa-
per, we propose a sorting method based on the order of variable inputs so that items are fully
shared internally to reduce the allocation of redundant items, thus reducing the memory size oc-
cupied by the authenticator. Inaddition, this paper re-implemented the authenticator in C++, en-
capsulating the function as a class, hiding the internal implementation details, improving the rea-
dability and reusability of the code, and enhancing the data security.
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Table 1. Proof the checker’s class function implementation
2 1. UERRR E R AT 2R B st El

K PERAETPN
Class Variable{} A A 5 2 1R ) i A 2 A2 B ) DRI A 1 R
Class Power{} FHAR S AL FR B 1, A8 B R R BR 4L
Class Term{} AIF rest R EH A7 KA 122 B R AR 1A SR AR BRI 100 R £
Class Monomial{} EH— A~ R BRI — AN 00 R B I b £
Class Polynomial{} FIH rest $8EHA70E, R AP PHFaER
Class Inference{} B 248 R s AR

R R IR TR R R A B A 3 Class Power{}, & 1 fiiR. Bir=x" - x* Z£XTd eN
(7R B R AR AR, BRI T or ARSI, 22 T xR A5 79 9 /S [ 110 0 o =P A PR« B 72 7% & variable
FH SR A7 1 25 8 X, %,,0++, X, » exponent SR 77 fig$E%0d,,d,, - d, o FH kG2 BB $5  print_power() ,
enlarge_powers(), sort_powers() 4> il F k27 i Hh o B SRAR B SO (R R 38, 375 B R P o A
511 2% () 3R AT A7t 1) BR BSORI AR 8 A8 B PP ot e AR g AT HE e 1 R 2

—[ Variable * variable; ]
AR E

_[ uint64_t exponent; ]
Class Power{}
—[ void print_power() ]

JR 5 R —[void enlarge _powerS()]
—[void sort_powers() ]

Figure 1. Diagram of member variables and member functions of Class Power
Bl 1. 2 Power WA EESH R RKTEE
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Tk, SRGTEF R MIEE. 230 UAEE T Sh AR B A R 5, A SEEAS [F 1)
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IOUE T H Amulet2.0 361 7] 2 B 50 4 88 42 il = 4> SC % <constraints>.  <proof>fll <target>. L 1F
<constraints> N5 FLI WAL,  WEAE IR B D BRAE SCE<proof>Hi 2, SCfE<target>EL & — M F A HLES
FIAE (R0 2 0. DGIESE Pacheck [131Ks ik =ANSCHHE NN, B FITETI0IE H bRty 2 mile 1
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Xy o KT v>u> x>y FAZENY, B x Ay 7] DO AT AL, Af 00 4 MM T x>u>y>v
MIAZ BT, BARERATINE, TEDA 6 DI

u|@® x| @ y | 4— X | @ >lu | @ y.

Y
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Figure 2. Term internal representation of different variablesw.rt. v>u>x>y (leftjand x>u>y>v (right)

2. XTFAEZEIRFEV>u>x>y (E)FMx>u>y>v (B)THAIBREK

W 2 Fraw, WA 78T ZonME T 22 &7 B4 cmp_variable_level(). # 4 5K (1)
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A N IGFe R R )R 7 73 AR LR R I B SO IS DA A8 B 23 O s S TR ZOnME level s AR ZAE 3474
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A3HE, ANTTVR/NIE B RS 25 23 1 I AEA8 o A0 B 25 128 7 sp-ar-re ik as Bt Az s AE BIIE 5, #2 I8 R E4 L
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KK T H e i A i

Table 2. Partial function implementation of the variable sort
2. TEHFISEKEN

B bR Hd A
is_valid_variable_name() SREUVE 24 U A 2 2 K
new_variable() A ) TE S Y 2 ME level
print_variable() i H A B B S A R
cmp_variable_level() BT LR & level {8, XA EHETF I EREL

4. SEH

ASLEIAEH T —6A Ubuntul8.04 ML) NG, AL 4 Intel(R) Pentium(R) CPU G4560 3.50 GHz
RGN 4 GB (I ENAF. SLERS ] AR N A, S PR 300 #. 1 2 ffiH T H Amulet2.0 A= gt —
THEHURECR SAT IE PAC IEBIRSSAIE TS, SAEH ALY FE RN n (FRVEZR I IERPE . SEI6 b2
IR IENAN btor AT sp-ar-rc R IeyRAS, DAIRAE R ] s afe vl % RS IR IERAME . T 2R 4r ik 3 aoki
i, HAPIRESS IR GINERFB S GP IVERS, DAIIE S A S AR PNE45 1 52 A ik 2% v % 1) 1E 7
P, SRIREE RN 3 iR

AL, BATE XA FIZEH AR AT IR, A% — PAC A& U IE 1. P LR
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Table 3. Optimize before and after the proof checker occupied time vs. memory comparison data

3. MURIRIERR E R RATIE 5 AT L 3R

Pacheck our
TeiL A BL 5
I} ] /s W A7/MB I []/s HAF/MB

btor 128 6.62 91.71 3.87 91.30

btor 256 26.63 369.79 24.70 363.62
sp-ar-rc 128 5.23 138.76 441 135.49
Sp-ar-rc 256 29.08 554.01 20.98 540.51
sp-ar-cl 64 1.23 34.75 0.94 34.82
sp-dt-If 64 1.54 35.21 0.99 34.71
bp-wt-cl 64 1.24 29.91 1.05 29.00
bp-ct-bk 64 1.28 25.90 0.97 24.81
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Bk, KRR TR LM E, FR R 7 RBoTR B S TE, AR AES E Ry
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