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Abstract

With the evolution of intelligent interaction technology, multimodal interaction has widely pene-
trated into fields such as smart homes and car systems. Traditional text programming languages
are difficult to adapt to the parsing and fusion needs of multimodal information such as speech and
vision. This article focuses on the core challenges that multimodal interaction poses to program-
ming languages. It systematically elaborates on the extension dimensions and key technologies of
syntax, semantics, and runtime, and analyzes application effectiveness based on practical verifica-
tion results. Finally, it looks forward to future development trends, providing theoretical and
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practical references for the research and application of multimodal programming languages.
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LG FEE T USCARSE BN, SBE “R M - 15 SURNT - 23R LR, Ok
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BRI EAEVE A A M 1 ORISR B R, W R R R G B W B — A7 IBTRIE S
164, TRBOCARIE VL R B 2 ASTE M BT Bk R AR, 2RSSR RSESIES
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LREZHZORGERE SRR, TMEE S mIE SCEBRE ). S50 S5 SCERET X
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BERZI RGeS, Ty R S HSE B SR MR RS

2.3. IMZEJ/KIIZHEITEHER B

2 RS 15 1A SN W L 75 SROG A% G S R 5 IS AT I LR b ik o A% GRas AT I A 3 e S A H3 AT i
Br, DR FEEF N L, MR ZHEIATACIL ., Sh TR, W e o Wik 4 7 [F) 0 AL BRI
. THESHSEL, HHBIHEER. [N, SHETHRGREERK, NLGMRIERETR,
RGBT WIZ SR Z B & RLRE ), MBI R BRI &R, Jodkin e SE R k. BiRifik
il A SO S IBAT I PRE, K R R AR A T G AT 5 1 = ZE B
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31 IBEERT R: SRSHESHIEZERIE

LR R RS &M 2SS BN, 200 H bR 2 M SR 2 A 1 A fR AT ARE 2 0 A4
R, LIRSS W AT AT IR E SO AL . TR BT AN RIS R Bt 22 S AE FO AU - 1B S SR
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VB SCBURIME s W A AR A R B T RRAE S B VA R, T3 BRI N e B
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Figure 1. Schematic diagram of syntax layer extension architecture
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B EY R R 2SRRGB O, 0 R WEES ZHRAE RS B SCHE SUE
B, KA “ AR TE SO SE - B SCUBE X HR IR . RABASIE SR SR T, GBI R A
IR Z RS TE SR NBRY, K AN RIS TR AR B 5 A0 o G — 4 R SO i, 38 3 45 AR 22 P 45 2 HY
PGB G SR & FEIARR L I 4 3R EGE 235 18 &, PR v B I HLHI A 15 2140 — 2 A TE RO,

R SCEIE SCRVE T T, MR T R AR IE AR, 2 MU RO ER (M E . F S S0
WAIRAEE) S 5 2R SRR, 456 B 1 U3 BAOUE &, ST+ BRARERA It . et s b 5
OO TR TR A, G A R BRIRAS AR R ALE SO “ R B InE o AR BINBhAS
B SCHE AL, I S R T P A BAE, RATE SN 3 s O, BRI
AE71[3].

3.3. BITHH R&: SRS ERSCHMM A ALEAR

AT R AAZ O F AR S TH AR 500 2 B SE EL I SEIN R S BE 7, A ok 22 B3 B AT S 3T
MR KA “IFATIENT - SIS - BEASAT” FERZEH, AR 5 s T L. £
FEATRNT T, Vit SRS BIFAT T 512, A FIRAE B BOHOL T 4efs, Sealif & . Pt
vt A5 B FE T . B0, 7ER RE o RS EL S, JRAT MR AT 51 T TR I A B A
FHME S RBUE R, KIS FEr

FESHAWBETT I, I T HAR e B AT I R EE R . iR B RS LA SRR SIS HE
P, A FEIRES AT 4 R BC AT e S, Blin, fERBRERS S, B R EEHRLE
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“HET FHILBOR SIS, S RGBT R R R xR R 2 RIRES AW
Ay MIPBARHPATIR G, % RS2 RETIE. FE, SIATOMEMLS], 0 @2 B 45 % R
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EREAPAT I, A XHRA RS HESB S I RIEIR G, IR = 1S T k. RS
I SMATAR, EEREGMEEF PSS THIRITUREL, ST B S . [, 5IA
BV 2 BEQIT)BOR, 4 2 BIHR - AT o 1 o ARG S 25 1 HLas b, SRTHCRS BAT I . Biltn, 1
BREFREFHEZ IRV &, W REAAISIT AR B, AT AR 4 1w B R4 4 2 100 ms
DA, il RS2 A2 B oK

4. SEBHSESY RS ERNKBBIE
41 KRGRSHREH

NIAEZ S L H R M REE ST R SEMEARMARNE, BB REXE. AR HBI4EE A
R 2SS B I S AT SCIR IR IE . 9250 K B Python 7B RS FRTE =, T AT SCIR H B R 1B
XJZ BT BEAR, HEZESY E Python ifi 5 (MM-Python). SZI6# & GG RS . WiER
Bk il AL R . AR IS 2SR &, DUAAZH R K (H T 1217 MM-Python (13817 I 8
5.

SRR N =0 RIS TRE MBI SRS A B SRS AT R . 2
BB PCEINE T . . AROEHE A IEEIERC SN RS TE )Rl B TE SR AR Y
515 ontology SEILZ BEASE SRS HERRAR s SEIT I AT IRHSEHOR F AT AR AT 15 225 TR FE AL B 1 i 152 2%
o IR L MM-Python 5444t Python 7E 2 AT A fRATHER 2 M S )L BRUR &5 R =M %00 R
b B R

4.2. EWERE S

R JE 5 100 HE AT AMERF, MM-Python M #ER Ik 92.3%, # 7 MANE R 2 A6
il AT PE (MERF %2 78.5%) 4% 4t Python $271 13.8 N H 7 il IXBGIE | HAB LB 5B =8 R H AR M A R
f&4t Python [RI28 =7 e 515 S IEMCAN 2, AAELE UM 22 11 MM-Python 5d i #4) 8 2 128 2 F VB2
FUN A R 5 U RGOSR, 25535 B U ER AR, KRBT IR 22, WX B iE & 15 2 1
M2k 95%, i fE 4 Python 1] 72%.

W SIS} [8] 77 THT, MM -Python ~F-34 i B BF ] 86 ms,  #i4% 4t Python (215 ms)4afi 59.9%, %0 iR T 1847
I R IR FEAT MRAT S Eh AR EENLH, #0387 /448 Python SR ATMAAT HOFHZE M R . 7E R R TR R HZ IR &
# b, HRE AR AT R, wNEE 45 65%0L I, 5 2<150 ms 5L 1 EK .

R 5 A, MM-Python 7EII 2k HE I SCIT AA7 5 2808 18.7%, BifE 4t Python (29.3%) 41K 36.2%,
1958 TS AT I AR TR AL S RI I gm PR, EBRIURIEEL, NS AmifE) $ S H#[5].

AR 4B 5 80 H=HAS (KB + 58 + TH)RAMIKH, MM-Python 5 ERIFIHA: ATk
W7 90.5% (144 Python 75.2%, #&7+ 15.3 NFI 40 45), PR &) 112 ms (1548 Python 268 ms, 4%
58.2%), AT i 1% 22.3% (45 Python 34.6%, [#{I% 35.5%). JLiF SCHR AR AL AT S I 22 A5 AR 1T SON
5, GEYEAETE R RSO, B R — AW ZE . M St Python ZESRIERE 1SS, 5 HHIIIE X
NP

LA KE, MM-Python IiEVEE . 15 2 IBATH =49 f,  STIUAR BT 16 28 5 S e . 58 ) 30
HIET, FFEREIE S, RO RS, ERAFEREZ RS =T R. S CEHL
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AT P IR BOR, KR AE R 2 42 93% LA b, I RAF I EIE R R ) 51 7).
4.3. SKEPHIEIRESHLTSE

FESEEE FE R KB, MM-Python {EABER 2 BRI S M P AN H. i stUn, i
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Wi 2RSS HEORIG [, AR SR IR SRR 7T AR, M5 48— 1 2 B S
FEHEZR . AT B ASMARTE S I R BRI E S S8, pRiEB RS, KK, Eid s
Fi3715% ontology 5 2 BN E SGE MR, SR FEIE S AR REXE . FRAG. T4, BT
HEEAFSFINTCEETH . AN, #5352 RUSRMIENEGOR SO 2 B I FIZEH,  SEBLAN R 28 0 5 44 [R)
M2 RS IRLSIEZ S MENAT, It e N — B 5E 7).
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NFAR A AT BTE R T, ARR B ARSI FEE 5K AR T AR, S el Mgz
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