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TypeScript Compiler Bug Detection Based on Syntax and Type Mutation

REN Zhi-Lei, GAO Yue, ZHOU Zhi-De, AO Wei, JIANG He
(School of Software Technology, Dalian University of Technology, Dalian 116024, China)

Abstract: As a superset of JavaScript, TypeScript provides a rich set of features, such as static type support and object-oriented
programming capabilities. It is widely adopted by many mainstream frameworks such as Angular, Vue, and React, and has become a core
technology for building large-scale applications. Its compiler is responsible for compiling TypeScript codes into standard JavaScript codes.
However, the TypeScript compiler itself may contain bugs, resulting in unexpected errors in the generated JavaScript code. Although
numerous studies have been conducted on JavaScript engine testing, there has been no systematic study dedicated to testing the TypeScript
compiler. Existing JavaScript engine testing methods have difficulty in generating a large number of TypeScript programs with specific
types and effectively mutating these types, thus making it difficult to detect bugs related to complex type systems in the TypeScript

compiler. To this end, a TypeScript compiler testing framework based on syntax and type mutation TscFuzz is proposed. To obtain a large
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number of seed programs containing specific types of TypeScript, TscFuzz designs a set of prompts tailored to the unique type system of
TypeScript compared to JavaScript, with the large language model (LLM) guided to generate a series of programs featuring these specific
types. Next, a set of type-specific mutation operators are designed to conduct targeted testing on the type system of TypeScript via type
mutation. Finally, based on differential testing of the cross-version strategy, TscFuzz compares the outputs of different versions of the
TypeScript compiler to detect bugs. Additionally, Node.js is employed to verify the semantic correctness of the JavaScript programs output
by the compiler. Experimental results demonstrate that TscFuzz detects five bugs within 72 hours, two and three bugs more than the
baseline methods DIE and FuzzJIT, respectively. The bug detection effect of TscFuzz is significantly better than that of the baseline
methods. Meanwhile, after three months of testing, TscFuzz successfully identifies 12 real TypeScript bugs, eight of which have been
confirmed and seven have been repaired.

Key words: TypeScript compiler testing; large language model (LLM); type system; differential testing
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const greet = (name: string): string => { return "Hello, ${name}! ; };
console.log(greet("Alice™));
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type Key = 'a' | 'b';
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const b: Key = 'b';
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declare var k: Key;

const index4: Record<Key, string> = { ...index2, [k]: [] };
const index5: Record<Key, string> = { a: "', b: '", [k]: @ };
(a) TypeScript bug #38663

export const cilBlurLinear: string[] = [,];

const [,] = cilBlurLinear;

"use strict";

Object.defineProperty(exports, " esModule", { value: true });
exports.cilBlurLinear = void 0;

exports.cilBlurLinear = [,];

var ;

(b) TypeScript bug #59877
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(2) FIEAF RN AT FL XA AR R AT, A% 2R R A AN B 4, it SRE R B fe
Fe BIRAT 45 R 0 FRIE A AT A 5, anBEHUMI BRRIE S BB RIE A B True/False ¥ #2611 4%, BE
i FLE DR A 7 T B2 AR, S AT DL AT IR 1 R 0T I2 AT U SE 2. SRAF H S T SRR IR I IR B RE ). th TR
IRAAERE R )2 AF AL, RIE G B8] I A A Fr (2070, H 5 Ik ) 4 i .

(3) RPN AL AR P IAT A AL, AN R R &) (AT B AR BUR 22 5. I FRE R P AE 7,
BIanBENUMERE 6D BEHUINER R EUR . AT APT B e B ML B & — 2% il A) 4, T ANRE AR b OB RE P IO AT Ui
e XA BT IR 13 0 R P2 ) G A O A PR RE 70, BLAE SR AF KT . DR 28 b 26 145 S0 B 7 i JE R AUURE P £
AFRSAT ST RIE DL, REA R s GO R P AT Z A B s fE

(4) RGO AR TEER A TR, AR AN IEVA R IR GO A, WBE LIRS A
B e number/string JERAT i (E A /R SEIE IS BOM [RS8 30 A AR A A7 B AR 175 55, BERS X RE 7 (12
T2 b REAT RS HEAE 253X AT AR NAS I 20 15 28 A2 1 RNTEVE 73 A B BOM R AT i s R AR AN AR BERE ), R A
ROR G 1 25 A0 B A 1512 T RN BT AE GBS THI R R T 2.

R BRETIIER

- R
25 A8 5t H b 75 5 ) —
- J ERA E5RI
TR WEATL AN B B 457 A% let obj={a:1, b:2} let obj={}
kst BEALIN R R o S RIE R if(x>10){a++} if(true) {a++;}
BB 5, P True/False B & P 0187 if(e>10) {a++3} if(e>10){}
R . S s str.toUpperCase() str.toLowerCase()
5 =] %\ﬂ,’?ﬁ%&n g‘ﬁlﬁgfgﬂﬂgi@ﬁ%/‘k’ A function add(a:number, function add(a:number,
Hik RS - A b:number) {return a+b;} b:number) {}
it AL B 45 A # Fenumber/stringZE let a:number=1; let a:number=32;
5 5 B S A A R S BUE B S i H) const flag:boolean=true const flag:boolean=false
R AT BT B R AT a>=b a<=b
e B — 2% REMIRETE ) T3¢ const person={name: “Alice”, const person:‘{r’jlgrrfe: “Alice”,
X G A 4 KA B age: 30}; const s & B
, age} = person;
Heedl R — L e (7 ) const numbers=[1,2,3,4]; const numbers=[1,2,3.4]; -
. const [a, b, ...rest]= numbers;
%%gi T BEHLI R — B A TR person=[‘Alice’, 30] person=[30]
S i A B KR S B A B function fun(x: number):number  const fun=(x: number):number=>
- ' {return x*2;} x*2
BE A KA e LA T S (B R e B let myVar:number|string; let myVar:number|string;
) B myVar=10; myVar="str”;
AR Bt AL o S 70 3 A const a:number=1; const a=1;
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(2) #A. BB AE TypeScript HEA KR E S BYRRN . 34 I0 B0 20 A IR AEL R ) 2R A7 48 e, R0 T 1R 25 0 4
HITTRIGRI . B DL AR e R A TS D7 TH 1 B8 ). AR AN T3 R B AR AT A IR B, 9w 5%
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(3) TG4 JGZH AL TypeScript HHRFA HISEAL, B0 76 R BUE AR AU BB € . BEHLIN R o h il — A el A
TCERATAR R, W AR TE AL B G A T 3 AR A B, X 27 — S AT o s B2 IR 1R B R 7). T IR a2 45
KA, Gm iR REHERA AT R BUAG Y,  fo tH I S B R

(4) 5 S KA. 5 Sk iR B S B AR R BOE VR VR AN RIS ) TR AE 25 St 70 St T AT 6 AR o HORT 455 Sk e 4 B AH
B, Be s MG PR X AN A s B0 SO NIRRT RE 70, B G RS S0tk . IR [RUE S BYHE T DL R AR Al Ak 31 45
J5 T XA BT R I RS 7E AL B[R] R B B 4 i T R H IR R,

(5) LA AR AT R EA S P R MR AL, S0 7 ISR 0 R G RN A k. S A AT SRR
B [ 0648 B EAT AR S, B U4 B A8 0T B G R B B AR AN [F) R B A 0L T I 2R B R A e 77, B DR B AR 7E
AbFRER A S AL I R A I WA S SR, kR S R A AR Y R

(6) AU VERE. SN EMAE TypeScript H1 A T~ B A0 5 B BR FU K 28 Y, X R AAG A AARRY T e M B OC E 2L i
BN R S B bk A7 3 e, AT DA G 126 255 75 SR W S 2 fgd ) PR ST HEINT BB ), b & O e 2 e T AR | R 3
IR IS A, DL AR B HE W AR P o AR A IR,

25 bR, B R B SR NS, BRSO A R A R T R T A5 1T S B AR R A R R
B M A, RE NS B v g 1R A I O 4 TP AT P, T 45 A BRSO TypeScript 4 13 2% B FE RS I 2 (8 R R s
NAB B E B A S I .

223 TRV R T AR R HE

FE RN T BTN IR 7 A8 S AR AR, FEAR P A8 e I, JRATE Je NS 2.1 T B A AR P 4
5 5 T BEALE B A2 7, I 5 F AT R 4 FR R AR Strsy BT HUIRSE Nums AT EHELE SubTrees,
REEHE R R 1 PR AL S EE SR A B M B e T B 1 KX 3 MEEE N, IR — AR
551 TypeScript F2/F prog. — N KIERIREL max_iterations, LA 1 F 5| F148 7 57 S8 mutation_count. 5
1ER g prog B R IGWIFEF mutated prog. TEEIEIFIENT, TATE VBT RFEF mutated prog R FTEAR
KB iteration_count (35 1, 2 17). #38, AR Z AR T prog MRAT NI IR, 25 MR 25 GO JUNR 5 A5 BT 1
Iy, WIS BIAENTI prog_tree (35 3-6 1T). Bl 5, A getRandomNumber BB — AT 0 F1 mutation_count
Z [BIIBEALEL randomNum, FE1E mutate T H 2 randomNum+1 N2 R EIES RN prog tree TR 7, B3
JE BIENT mutated tree 3Bt transform BB ¥ N B FFE T mutated prog (B 8-10 1T). ¥ T K, FATNS L AS 5717
JaWIFEST prog R mutated prog, % WHANFEIT 58I (prog HHA A1 A8 SR B AR5 i), MERE 7-11 17
AP BR, BHTIE PR F LN prog AT 5. RIS BB KIERIREL max_iterations J&, ViR R AERE—A5 prog
ANFE AT, W R XN LT (G 12-16 17). X3RN B R T mutated prog J&, 730 iH R IGFEIT prog
A 5 JG TR Y mutated_prog WD G A, HdAT LLIR. #5748 R F2 7 IS 52 4% P A i, DK I B AR 7 40
SPHATFEEBIRER SR GF 18-221T). AR E R ERITHE VAR 2.2.4 Wb 4s B BAEN41.

BOR 1L BT IR AR R B

N R RRRIT prog FIF B HARAE Strs, BUFHARLE Nums, TWEIRLE SubTrees, Tt KiIERIREL max_iterations,
AR S B BB mutation_count,
frth: 28 S ARIF mutated_prog.

1. mutated _prog = null

2. iteration_count =0

3. parse prog into a parse tree prog_tree

4. if there are any parsing errors then // 5T 2R MU IR H X 24 BT FE 7 (19 4b 3

5. return
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6. end if

7. while iteration_count < max_iterations do /| TE3 KIERIXELFIXT prog #4728 5+

8. randomNum = getRandomNumber(0, mutation_count)

9. mutated_tree = mutate(prog_tree, randomNum)

10.  mutated prog = transform(mutated_tree)

11. interation_count ++

12.  if mutated _prog is identical to prog then // prog "% 7H 241 1% B S0 () B bR 15 5

13. continue

14. else
15. return mutated prog
16. endif

17. end while

18. prog_complexity = getCodeComplex(prog, prog_tree)

19. mutated _complexity = getCodeComplex(mutated prog, mutated_tree)

20. if mutated_complexity > prog_complexity then // X LLAF 700 G REF IR 4%
21.  copy mutated prog to syntax program dataset

22. end if

23. return mutated_prog
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T AW BB R BRI 2R, TRATIGAND B 2 B v 1 AR R AR AN 0 BN R AR A R, AT
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iB4). while TEA). case iBH). =JCia® . with iEH). for &), for...in &AL for...of WEA] A FTA FIE S

(3) ST AR B R FBE - R A AT AR 1) Ji R AR BE . BT 35, VR BE Depth 18 MR B AR o 305 o 10 fi K
PR L. e KR TE maxDepth 38 138 V368 P AT i H 543 21, BRI~ 3K (1) BFos, 3, child 924 g H i =35 a3
BIF45 1, currentDepth ]4TTIRIE, calculateDepth TS RHT IR 1356 U BR 2L

maxDepth = max(maxDepth, calculateDepth(child, currentDepth + 1)) D

4) KR EIRE: & KRB IR E LR T A = H1E4) (W if. while. switch. with, for. for...in. for...of i&f]
PAK = eia 8 MR B P ) e R AR et i [y i e m) 5 B AR T, 7T DAAS B AR

(5) Halstead 52 %% JiZ: Halstead 52 2% FEAR I A2 7 Hh AOBRAE A7 FOBRAE U BB SERE P B2, BIIEATR 4 MR Fs:
ny (NFERIERFRIECR) . ny (RFEAESECE). Ny (RAERFRLEHEILRED . N, (RS S IR D, X 4 4
fE AT Dhd s 3 J R R A AR R g it AT A =X (2) Frs it 807 2R 458 2R Halstead B4, Kt n=n, +n,,
N =N, +N,, E A%ife TARR, HAt 55 ma s 3) fros:
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Halstead score =0.3n+0.4N +0.5E 2)
Nlog,n
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(6) ZEAN 5 I I BUE: W AaAR v B ARATTAR o B AN o 50 B 2 2 A, e il g AT AR ] LLAR 2.

BATKEIX 6 NaFrx P RIBUELL R — /513 (ArrayList 258Y). 5 F G 2 R 27, A1 E MR GEREF R
FRE. TR, 25 6 MRS, TabrEA BT A e bnd it 1A, TAUE AL AR5 15 A 4R, AT
IINTEERE 7 S g bl X Fp oy =X, FRATT R TE IA I b B 50 S e I BB 4 B IR R 8 T ' B AR M 2 FE 1, IR
A R AR S R B T R R AR AN R T R A R T
2.3 ERPEI

HHF TypeScript 4 325 % H & JavaScript F2/7, R LFRATTR A 22 23R 77 1SRRI TypeScript 4 i3 5% 178
TEBRFA. SN T SEILN TypeScript 4 B2 B AT A, A 7R 2 8% g PR 72 v 0947 D, 3 4 20006 IF 20 3 245 J HH 1)
JavaScript #2/7 7 Node.js HIHATIE L, LA TR HAE BRI IERATE.

WEE 1 5Tk, TypeScript J i 3 I BR AR HE K TARMAE L2450 R 3 28 1EVE AT BB . SRAUAG A GRRE AIAQ
A ki, [ 7 B it 22 2 M AR B T e 4l R i B o, VELEHAR T Al R i 3 SSHhEA.
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BEXSER 2.2 AR N AR R AR T, FATE SE M 2 A FIRRCA ) TypeScript g 1945 6 HEAT 4 15, HF X LE 2
PREE AL 0 R RRAS 14 20 1 5% 250 RE D 20 1, DULHKE 36 A J ) JavaScript £2 7773 I Node js 10T, IFXf He
PATEER. LR PFRPATIERE S, WTREF AL 4 RS RISR: 585 1 Fhah ROz MIE L, A A ROA 2 1 25 76 4 BB
BRI AR R AR5 2, BAEBRAT B BUI A RRCAR A R JavaScript £ 7 #8 A8 A EH HAT HL45 53— 20, JU)
WAIZAE e RE AR T IR. oAy 3 G SR IS ISL 3 e TR FO R A SR IE. 22 AN [ FEUAS f1 20 18 4 A BE 4 7 20 128
Dhe A fl g 1 RN, HARESS BA — SO, (XA BT T3 47, 2 b5 B2 th o 1 S8 R I 46 IE
B R 7 S 20, B B i T R IR BEE TR, WA R — B R ATETR AT ok b, 5 B S S & i
RIRANZ WS S, WAV — ANEAE (RIS Bk e 45 1R 5 B R W g 1 48 9 — M SCIERA R R
JRS L JavaScript A2 7, WA IR — MBI BB, 2 P A RO K 25 13 2 220 BE R Dh 2 1A SR 7, (5



12 BRAP AR Hrr e B o G w Sl
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AR SORE PTG R RE A W] G R 2 A AE BRI AR S AR SR R R AR R R AT RO, JFEAT N L. i AL
FNNAFAE T RUE RS, Fir AT K6 0 30 F) 785 72 SR B 0 AT X 3 AR B S0 i 05 TR R R, G SR B 2 2 ML, L F AR B
G 1 s R Tt I 7 2R IO R A5 S BEAT P, AN AR B R A1 0. 6 TR A R sk (RDTERE TR . R
A B A ACRS AR R B ), 6 TR BB, F 5L T — AN BRI, — MRS 5 2l 3 AL AN R ) 15 5 S oy
Brofik sl —EasiR G, A 2Bl N2 J BRI I FE TR fE ATl R, BA T IR B A2 R P b ik
BEHLAT 9 (LA S BU, DAL E Dy BhBE. FRAT TypeScript 41X 5252 (KGR AR 5 H A R w082 2, IXAE
TASCRIN TR A2 ™ I n] SE Y. f5e2%, sRPE A TN B (i HE RE A2 — 2R 91RO Hh AR SR K L I R A8 S R P

3 SIS

3.1 SR

N T HIEE TypeScript B VAR AR 4, A SCIREE T 2000 42K H GitHub 476 B, P44 498153 4
TypeScript F2 7, 14 Bl FHEVERE P HR 5. RN, @I58 2.1 A7 a3, 48 F K18 S8 GPT-3.5 A/ 1
20000 AL RF 5 VEVERRAE MFE P, A0 RS B RG  VE VR P SR 5. Z BT LA A GPT-3.5, £ 25+ % 77 1 1) 5 b
Ha H—, fEB BB B, GPT-3.5 2D AE AT & i RIS H (1 R AR 2, HSRIN 548 F SR o4, =,
MAE RS APL I F UK I 25 G BT R R, B Refl SCHE UL AR BUR T2 )7 1 75 5K, v SEie R4t D) e vl 47 (4
R4, HAEESRBENE 2.1 7. WA BIRESIHERF I —MEE 518153 MEFMVIETRTHE. %R TE
CorAE R AINE U AT, &3R5 — /MU 38826 4 TypeScript 125 (TEVEFR 7 HUE 4, 15 AR GF FIEFEH TG
SRR WA, NIREEE R I RSP R ENFFE . BE MR EIE R, A CEER RS LA 1000
ANFER, 38 P AT, A T 03 36364 MERFH . 21476 DNELFA 39789 DT H AR & iX o4 AR Feid 72
BT E BB RMEMLER.
3.2 SLIRIMEIGE

AR BT I LI TypeScript 4n 3% H LR HELE TscFuzz 34t 9300 47 Java /055, 2T Java 20.0.1 iR
F&. 1E TypeScript F2 /7 FARHTH 56 AL FE A, 5 T 35 =7 T A ANTLR 4, H3T-1% T H A S A i i sl
T 2.2 FOhASREE N T T ZE IR, 2% RustSmith™ sz B, RAVEM T 3 AMEAH TypeScript %1%
#5:v5.4.5. v5.5.4 Fl v5.6 Beta, ‘B AR T —MREMIHMA . — A58 1 1E 2ORAT R — A FTvE i,
XA FEEE B e Y R ERE R DL R T : 1) % b AR e RO BT i, 7T U 8O- IR IRl A ks (RPIHRRA H 22 2
{RTE T IR AS I BREA); 2) % LG s ORI AR, T AR B R IR B A 5 R b ZRRe AR DG I TRE BB, [F B,
AT A R JavaScript R, A0 T Node.js 20.14.0 A<, 38 tslint (v6.1.3) F1 ts-node (v10.9.2) BHTiE
PASEANE A, i TAXRA T 5 7 BOARHE.

fIT A SEIRIIE — G R MEBE ) Linux R4S 8% AT, 2R S0 & 1 144 1% 288 LRFE M JLHs /R 2 54N 4 4b 3
#% (Intel(R) Xeon(R) Platinum 8374C CPU @ 2.70 GHz) £l 256 GB If] N 7725 8], SZ& % /E £ 4t N Ubuntu 22.04.3
LTS (GNU/Linux 6.2.0-37-generic x86_64).
33 SSWERSHH

T VAR EE T AR A ZE 4R 0 TypeScript 9 PF 28 SR FAK I 7572 TscFuzz G &Mk, &KX ZS% T JavaScript
514 (411 V8. SpiderMonkey) MK PP F145 58 (W1 GCC. LLVM) PR 047450 1) 5 3 7 192, S8 76 B9 7
(P R R AR R B 1R B8 0, S DAV E ol & T B S B M OSSR b, FRATTAH AT T LAR 4 AN

* RQ1: TscFuzz A &5 A RUK B E SEtH S TypeScript 4 7 B EE?

* RQ2: TscFuzz 5 JavaScript 51 20 7 1540 LG, BE75 58 0kl TypeScript 4 4% I B2

* RQ3: TscFuzz 1A= 5 H R T TypeScript g3 2% 1SR FEAL I 2
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* RQ4: TscFuzz A&7 AE BEA 15 i B 4% FE AN 2 R 1 (AR 52

RQ1: TscFuzz A5 A RUR I K St FtH TypeScript 4128 FIHR IR ?

N T VPl TscFuzz IV ESEH FE A TypeScript Z 323 B 168 77, AT 2024 & 6-9 AT T 3 ANARIIE
PR S48, AR5 AN FR R I8 3 K. M (A], 3= B4 TypeScript 4 1348 15 5T R AT A AT I,
1T TypeScript g 248 H R WA 5 5 A3 25, A SCHE IR I o 2 AR 408 R AR B8 3907155 100 A Bl B SR B AR, ARG £
TR I 25 P A K

TESRRE R I )G, A 30H TscFuzz KILIIBRAIRAS AT RN RTINS BN, B aAR s G S S i
SR A 2R S I A IR R BB, 95 TypeScript 413 48 1K BR b6 22 7 1) O 0 BB AT oF Ll SRR SR B 1 R
P, RXFB M 515% T B ERIG. FIET, S5 BEE, Foh 4 T Al s TypeScript 217, DMEH KA 7
PR E LI BB

N 2 fios, &5t 3 A REVEINR, TscFuzz 3ER B 12 Mg, Hd 8 MO R &HA, 7 MEHBE, 4
AR E R BT 4% BBREA 2SR, AT DL RIEVE TG (7 A, RBUG ARG (3 AN ARG A s 2 4.
BB ShBE I OaiN, Horb, BRI A R — MR B E, HRfE oig s,

# 2 TscFuzz {E TypeScript 45 a5 T BT A b & BB

51 = LINN Bs BT
A TG 7 3 3 4
HAURG A 3 3 3 0
A A R R 2 2 1 0

&t 12 8 7 4

T8I T IR REAT 43T, TscFuzz A3 8152 43 AT R 5 R 288 2R e 225 o B 1) i B X v T AR 2 Fasfe o 1)
B, AT RE IR R A LU R AN T 155, TypeScript 4 i% 28 11572 70 T A1 S TR B T RE 0 42 2% B2 e v, A
T A D) REAR N R T . TypeScript Jm A A SR MR R4, 1BE 4 R BUR B Dh e 7 B A PR 2 5 %
PIEVE LSRRI R BIHE T, JUH RAEAL IR = SR BT, 4 B A R B R AL R T 25 5 2 BN 3 B 2, AT 51K £
WIBREGE. AH L2, ACRDAE BT RE 1) 32 BEAT 55 R AT J5 B3 GATE W #5459 JavaScript AGRE, A% T2 40 4 Al
KA ETIReM 5, H A A ERK. B, DA sk b B b, 7 — 5T, A SCBvH A e i A ——2 T
KB SR (R B BB AR R S AR e B R i — AR R EFAE T EmE R MR, XL
R EE G A& B ARMTRIE S RIHE /AT, T 5 R B RS B RS 2AH SC IR Be . R I 1R v 3 A
FaFIR B A R A IR TE 2

B2 R, BATE TscFuzz K ILAIHEE I #5754

(1) TEVEA A B LSS EFA I — AN IR )52 TypeScript H 59374 S #Lf (1 W https://github.com/microsoft/
TypeScript/issues/59374), iZHE O KN RIEE. K 8 B TS FE AR Fr B a2 AARS BRI 28 2 AT/ BTk
SHTBY B2 T3 TypeScript 2 PF 2% i1 5t K 8 BIARIG AT LLE i, 1ZAXA8 7 BUR A T #5%51572: (null subTitle) 55
HiiEVZ (export W), TEREH B R S, IXAEE R ARIER, % T TypeSecript MIEVERLN. 42 B8 L5 10 90 32747
A, YRR LIz A I BVE A R A A AR S B R A R, TS IR 1R B AR A5 B2 TypeScript 2 352 K R
A AL BRI T 2 R FR 2515 F), FEMRAT AN R 2 v, A TR A o R I AR 28 A B BTV R, TR
A TIE A A IR A3, B T80T Y as i 0t

export const box: string
null subTitle:
export const title: string

8  TypeScript Fi ¥ &% 15 1270 B I BUB 5t O AT

(2) DAL i b LB P I — AR B2 TypeSeript [ 59877 5 ki, %G 4T R A QB E. B 2(b) &
N T BRI AR P B ZEARED B, TypeScript A B 15 1 B8 2 9 1 2(b) ) JavaScript F4AD. WA IR
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ORI DLE H, 2R 1R 2 45 R UK “const B FHEW N 1 “var it 7, H2E R T VLY JavaScript AATE “var;”. ZHFE
HIRRA SR K TE T, g i 28 70 AL BRI MR AR 20 (destructuring patterns) B, X F 255138 (40 [,]) AIALFEE 45477 ] 251,
5 BRI NI, g PR R e IR 5 5 B A TR ), NTTAR R 1 4RV 1Y JavaScript 48RS,

[F1% RQ1: TscFuzz KL T 12 > FE S FHK) TypeScript 4 PEas b, o 8 NI RN R, 7 D EE
5. IS5 R, TscFuzz B DU 0 2 I BT St 5 2 35 2 v R R P,

RQ2: TscFuzz 55 JavaScript 5| #EMAR 7540 L, G875 58 A FOMAE I TypeScript 2 13 4% Ik FE?

AW TscFuzz K ILHIELREECE 5 W Fh i S 3 1) JavaScript B3 42 B 72, DIE A1 Fuzz)IT, 3H4T T 4. DIE
1 FuzzIIT & 2487 0K JavaScript 51 28/ 391 7775, DIE J& — 3T AFL FIA8 AR 8%, 76 3l 518 V04 27 301 o 72
JPEATAR R, R T — RS MR B AR = 0%, 1R R BB AR LR B JE a6 P TN A RS MR RBUE B, A
T A2 BB VA R L T RE & IR FE P . Fuzz)IT 2T Fuzzilli SEIN, 3 3 o248 R 5 10 42 il o 0 B30 A SE 3 xed
JavaScript TR R, F1E TR TIT 40 idas A1 2 B,

SR AE TypeSeript 5.4 WA EREAT ), IXFE 7 (8 48 2K & B S B FGEAT HLER. BT TypeScript 4 125 1 58T
AL, 1F AR %) G 3 AT D00 300 B 2 0 2 S, TS0 P o R A 1) 0 3 85 3 AT P 491 T AR B AT T Rk
VBRI DB E. IR FEA G TEBCH A AN EAE, WA B IG CABE S, B, A H RS ST
RN T DALRRIA.

AR S TR AT RN TTVE 72 h, FFEE 5 IRECEHE. N T HRIEAFE, ASLI N E Bk dt 7R
(R FHE &, T TscFuzz X TypeScript #2747 48 7, T DIE 1 FuzzJIT £t )72 JavaScript #2)F7, [A it 48 3¢
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