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"Causes (§3)
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"'L Hallucination from

Training

|| Hallucination from
Inference

Pre-training Suboptimal Training

| Hallucination from Misalignment
Alignment
Belief Misalignment
Defective Decoding Inherent Sampling
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»1Fie: BEFCIBERREN

id testReadLines4(String pathname0) t Exception {

File file = File(pathname®)

List result = FileUtil.readlLines(file)

Assertions.assertEquals(

String startsWithLiteral(String str) {
(str.starsWith( 3ot
str = str.replace( )
[
1

= str.trim();

f (str.charAt(0) ==

str

!
1

str.tolLowerCase()
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1 HATEFER
2 :
. ) import unittest
3 1mport datetime import datetime
4 from calculate_age import calculate_age
5 def (blrthdate_St r) . class TestCalculateAge(unittest.TestCase):
6 TR, WARBRERA YYYY-MM-DD, "
. ef test_valid_date(self):
7 try 3 . : ) ) birthdate_str = '"1990-05-15
8 birthdate = datetime.datetime.strptime(birthdate_str, age = calculate_age(birthdate_str)
uo/oY_o/om_o/odn) . date( ) self.assertEqual(age, datetime.date.today().year — 1990)
9 except ValueError: f test_invalid_date(self):
10 return "Invalid date format" blrtidate st = aiaticodate,
age = calculate_age(birthdate_str)
11 self.assertEqual(age, "Invalid date format")
12 today = datetime.date.today()
) = : def test_birthday_not_passed(self):
13 age - tOday' year blrthdate' year birthdate_str = f"{datetime.date.today().year}-{datetime.date.today().month}-{da
14 age = calculate_age(birthdate_str)
15 1f today.month < birthdate.month or (today.month — self.assertEqual(age, datetime.date.today().year - datetime.date.today().year -
birthdate.month and tOday.day < birthdate.day) : def test_birthday_passed(self):
16 age —= 1 birthdate_str = f'{datetime.date.today().year}-{datetime.date.today().month}-{da
age = calculate_age(birthdate_str)
17 self.assertEqual(age, datetime.date.today().year - datetime.date.today().year)
18
if __name__ == '__main__
19 return age unittest.main()
20

KIRBISERL 7 BuglyizF AIRBIETFIE A R RINUCES
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o1-mini 2. MR BAER

3 e(self, birthdate_str):
leap_year

BT EARIER, RIFTUERPythont) unittest BRRESMARE. TR HAOMILIE g . _— .
. Fl, il T SRMAAANTIE, Smtcted.Age fric 2= Gasllanyenr; 7, 29) > st \omp. Yo 2 28)
1. BiER S :

birthdate = datetime.strptime(birthdate_str, "%Y-%m-%d").date()
today = date.today()
age = today.year - birthdate.year

(today.month, today.day) < (birthdate.month, birthdate.day):

ERS— T HER BPythoni2FEY, EAMBRHEMAIENBANRTNIIREE, XEE)TH
RIEZFAIT AR, T2 LXE0IIER:

age -= 1
t unittest n age
datetime import datetime, date
Py f age_calculator port calculate_age
1. BB

—name__ == '__main__

unittest.main()

- BRANRR: BEREBANBNFFRHTSTEASBR (FIa, Yyyy-mv-op ),
« TR AMBN: GERNERNBMA (F120, bb/MM/YYYY . MM-DD-YYYY SdERHEAFRE).

‘ i 3. MK EIEFAHIRA
2' Emﬁm@m ate “19‘)87’9")715"

expected_age = self._calculate_expected_age(birthdate) y L 1 mmﬁ”waiam
- se 3 “ self._calculate_expected_age(birthdate)
o RRAM: BEABTERARGAS, self.assertéqual

ortEqual(calculate_age(birthdate), expected_age) o A "1990-05-15"

o HETEM: NMREEBHRESR, FERNA0S. - FRER: RIBUA BT HENER,

‘ I§i§§2g29a today_str datc.zad;y(}.-,tv”; Y -Sm-%d" )

t

A
self.assertEqual(calculate_age(today_str), @) P O RATE A z iﬂﬁt‘:fﬁ"l\‘i‘aiﬂm
« TEIFEE, WOLE (Fl, 25MA2A2885381H). « BN SEOBHE (B, “2024-04-27")
» HEEHREAEFIFAFROFRITH. ! : - MBER: o
- SARTET: EHAENP, WREBERD, FRNES . lace(yearsdate. today().year + 1)).strftine(*AY-sm-ad") o
S i dh””;” y! date. today().y )).stritime("%Y d " 3 MRFSR B
3. iR calcnloie-ape (it azdate) o BA: BENE—X (P, WRSKE "2024-04-27" , N “2025-04-27")
5 ; : Ty = :T;:T oday( )I,:;::?;gjl::ly ate.today().year + 1)).stritime("%Y-Am-%d") 2 iﬁﬁ%* ﬁﬁmﬂj VatlteErior
o IMIBFER: FFANFR (FIW, 100504 L) BEREERILE, " Sl ituia ks
. ﬂ/j\ﬁﬁ: YHEHBREYXK. _da ", "1999/05/15", “May 15, 1990", "1990.05.15", "invalid-date 4. PR THA BiRER

o EIREIERE: EFFBBA (B2, None . ¥F. FIRE).

e=bd):
h self.assertRaises(ValueError):

4. ﬁﬁﬁ*ﬂﬁ'—#ﬁﬂ:& calculate_age(bd)

« RERE: BFNARGGESHREEER AREBREXNERER.
o MHE T ABBIBAOLE, MREESHERR.

o 8 "15-85-1990" , "1990/05/15", "May 15, 199@", "1990.05.15", "invalid-date"
o FRLER: R valueError SABRIRYR M,

today.month + 1 if today.month < 12 ¢

5. MEHET2R290 BYmMEREE

« A "2000-02-29" , HEIERNEHE (H0, 2020)
o PGSR ERITHER, TRHFENFHRNR.
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» BEFRNEERERN

s ) " ‘

ﬁg?}mlﬁﬂ‘,ﬁclass TestCaIcuIateAge(L{nlttest.TestCase), * R birt ety s oy

it HER M pythonfi3CalculateAge(birthdate_str) R e S A e
birthday_this_year = date(today.year, 2

ol-mini

birthday_this_year date(today.year,

birthday_this_year = birthdate.replace(year=today.year)
cept ValueError:
om datetime import datetime, date H2R: ) ERE
e ValueError("ZXMMLERM. )
ef calculate_age(birthdate_str):

THER, |SANBBERXR YYYY-MM-DD, if today < birthday_this_year:

age —= 1

birthdate_str (str): HEBREFRHSR, #LH 'YYYY-MM-DD' n age

jef is_leap_year(year):

s TREREE,

int: HEHHATR

TypeError: MRBATRPRFSRAR

year (int): &y
ValueError: MR BT RESLE BALERE

tance(birthdate_str, str):

bool: MIRREFENECITrue, ZMECIFalse
ise TypeError("birthdate_str RBEESB, B/XH "YYYY-MM-DD', ")

n year % 4 == d (year % 100 != @ or year % 400 == 0)

birthdate = datetime.strptime(birthdate_str, "%Y-%m-%d").date()
ValueError: ftﬁﬁﬂﬁ
e ValueError("ZZeY B, FUBERRN 'YYYY-MM-DD', ")

1. A% calculate_age(birthdate_str) :
today = date.today()

SR
» REMAZRTNFHRER, ERZNPME TypeError ,
= /VHRAFTERIRHEBNR, ERATERUME valueError ,
« REHAEABRSESAAEZE, ERWME valueError ,
age = today.year - birthdate.year iﬂﬁ'!
N2 F29E = HHSREGSHEFHNE.
f birthdate.month == 2 and birthdate.dayg== 29: « FETHATER B ELE TSENER, BRTMERM,
if is_leap_year(today.year): ° Iﬁﬁﬂg v

—hAnEBLA OB aAn0 B MRS NN . 8 A

2024 AlI+TREHFIES | AIREITFETE BiHEDIWEAREK

f birthdate > today:
raise ValueError("H4BMFREBARFNEN,
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* Given fEIRLA 5 IREI R F B 5h D) BRI EIIES,
iR B D EERES TIREREBSBICHT S ER, NS EERESMMERFREN " REALWET :

x s ~ : + When A R ERRERETELIBLES,
BPEE. JEBPHBRETXRABOKOER, BRAZESTREHEREILSEN. | R + Then HIBARTBERMCELAESTRREFIE,

+ And RFRNAREIE XANSLES D ERLARMSBRIEBAL,
* And ARNICRESNEFRHEH L,

ks REe
1 fERRIREE, HRREAPHBESHUAGRTOAKYE, UTRIBENRKITE, RATNIEHFAL (B00) K
. " — . _ " Given-When-Then RS . :
- BREZASEBRESPOBNE IR SRE DS REKES, LT AR -
o I3 MIFIEEE, HEIES R YN . IRFFEMEBIGER 4 « Given IK{E55 RAIRHAYELLE B HAFNH
ABEFBFARIR, AALESXEMAMIARNER, RABBEBEMEKER R Lo E%#ﬁ; et | - Gven MKARERS AR (ATERRBHER) HIRE,
2 ERREIKA S e . « When RRMBESE LN IGE (4 ° When RAE—TIRE LORHES, _
. o, * Given AAPHFEFRBNEFE5, o Then ZERIEEKA S L XIBEREA + Then Hithig & LAMEIA AR BN SEES BRi o BES,
+ And REASHABKARNARAN (it REBRSD), sndy oo vaiiis | o And BRE RS EIQE B —Ri
- BREEBERERAKEDDENERES, + And RIBAREERRL, S i °
o MEEBREFRIME, RIMBEBSERMNEKE, BRESKNTR, ROBHRKE, * Wi Bt mato RESERIRAR,
» Then WA RRITER TYERE LB EIFHRIAMKES, o e ———
A » And REMAREA (NI, DEXLBRBN) REEBAREFESHE, BR6: MBHESTRRIA
. 2 ’ : = [Top2e 4 ¢ Gi RAETAR 3 [=pid: 00 T « RHEER ),
NBEIED « Given I A 8 EANES 45 BB IKIES ' SVI;I,:: ﬁﬁ)@\mgég;ﬁcpﬁ}%?éﬁﬁ’Jﬁiﬂﬁ’t (PnERHF . FR{EELAFAMIEAD)
- BAEZEBEENEEOHHRESHANMNEE, B2 WRESHRIKERIS e e o . |+ Then RATELMBA REANEEHLALER,
Ay - =K == A s N . RZJL Y 7 FFANTBAN JT. ’ ~ Y AL
« MERROEREFSRMOLSHER, BERRAHNSHAER, RERFNBENENE, - Given REHHSMBMIKES, AETROBESHARKRER, « And REEERSRTOAEREE, | | " ORISR REREAN.
- And KA REST RS RVEBERA, « And RAERBRERNESERIHIOES.
L EREPRESRE, + When REHTESEHNHE, ,
- Then RAMMIEH RS EBETHBRRBANESLRKAR, TR0 EETRRTRNE
s BFEEASRESBEERESHEREFNQBRIFNHLEDCE, * And REBA RV B REIXEBRIROES. R RARELE « Given fEREBRIBWSHRIBE T ESHRAKTRMAN,
o MEHIEE R MAEIKERE, REEFMNEFEE. * When AZ# TS HE,

* Given EESHEUBRPRARESE | . then ZAMBT BIFMMR RN BN RIS,

R 3 HKARBKSESHE * When RAFETMESHE, « And WA B RITEDNRBRFFAIE S E LR,
5. fERAMEEE, % — R * Then AN BENCREIRET,
* Given A A HRIRBAFEE ST RHHEES, s
S B A0S A B B B 5 Bl A S B + When RAEEHNHEE MERESSEABAR, ~ AndH RSl
° NEA = 5 | 3 2 , : , ° 5 2% A Al AN
: ?f ﬁLJ_\ Jb\ t)J ‘ E‘ Z_l:l A,.E/ SR « Then KA RRIZER TR E.L BN BHF AR S EORKES, And ﬁ{%ﬁiﬁéﬁﬂﬁ&%?{%hﬁg%iﬁﬁnlﬁﬁ i,
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4L BEHMEX (Step Definitions) 5. g3 E(T XY Runner 2 10. " RTHEE M5 R

7 src/test/java/stepDefinitions HRTRIE—ZE AssignCollectionTasksSteps.java N - e b . oy e -
= sy . - ML % > | 10 M5 NEE L S ESPOIE:NES pa PR L o
HRESWEN: £ src/test/java/runners BER TFEIZ—12 RunCucumberTest.java : ﬁﬁgﬂﬁ TR, PIMURA S TR RRS LA ARISRENL. N TR—TRMAR

package stepDefinitions;

Scenario: AE{ESTERLEEIA
import io.cucumber.java.After; package runners; Given fEWIARDRBEIMEIES
import io.cucumber.java.Before; When A BIRCES DR

import io.cucumber.java.en.x; y Then REMBIHEERSRH“EseRL"”
import org.junit.Assert; import org.junit.runner.RunWith; And RFMICRFTAN EHIEXTHE

et ::gzp::azz:t::i::\z:bmver import io.cucumber.junit.Cucumber; L And FRIRRIF B EROMES RHAIES
:' Qr::osen:a:selemu'{":w‘abﬂemen;; import io.cucumber.junit.CucumberOptions; 9. REBRHICE
import org.openga.selenium.chrome.ChromeDriver; iﬁﬂﬁ’«]*ﬁ%@i)‘{
import io.github.bonigarcia.wdm.WebDriverManager; @RunWith{Cucumber. class) g:lgé zﬁ}ﬁg%’ L\}\_F%Iﬁaé:t$@6"]?éj§§n__\-
lass AssignCollectionTasksSteps { @CucumberOptions(

features = "src/test/resources/features",

private WebDriver driver; @Given("fEWA R B K ES")

glue = {"stepDefinitions"}, public void AEKARERBBMKES() {

plugin = { "pretty", "html:target/cucumber-repd . . /! BRI AP EILE:
void setup() { collection-tasks—-automation/ driver.get("http://localhost:8080/collector/tasks");

@Before

R WebDriv BRI 28 monochrome = true
WebDriverManager.chromedriver().setup(); ) l_ P0m-Xm1

driver = new ChromeDriver();

WebElement task = driver.findElement(By.xpath("//table [@id="'tasksTable']/tbody/tr[1]/td[cont
Assert.assertTrue(task.isDisplayed());

public class RunCucumberTest {
driver.manage().window().maximize();

gf8#3, Cucumber & when (" REIK A RIRIZEE )
@vhen (" fEBA BIRICES DTN
public void fERARREESHTM() {
U tearean L WebElement completeButton = driver.findElement(By.xpath("//table[@id="tasksTable']/tbody/tr|
if(driver !'= null) { i completeButton.click();
driver.quit();

| L— RunCucumberTest. java @Then (" RFEREFHESRSH“ETM"")
public void RMMEMESRESIHERR() {

ment status = driver.findElement(By.xpath("//table[@id="'tasksTable']/tbody/tr[1]/td[@c
L— AssignCollectionTasksSteps.java Assert.assertEquals("E3 A", status.getText());

@Given(" RAFERMKN RS ESEHASRAN") L— stepDefinitions
public void REPFEFRKNEFESEFAHEAN() {
RSP GERS IS resources
L— features
L— assign_collection_tasks.feature
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F-BD Dz a3 2 pk Bl 5w hE NiDD Al #zgzss

e =) o S gt auts 6. BIBRIRA M
EF LEWARE, LM% HHjava sprint cloud IS HIEFAIA 5. SLIZHIER R {EM Vue.js #{TRIIRFF R

BU32 REST 2 HZ AN ETimA B st MH iR ik = .
ol-preview S 1. iﬁg Vue.js IﬁE

iVue jsttiB T EEEBARMES.

HR1 BETFEER Selenium WebDriver fl Cucumber FFRIMBRLMIEKES, BRIFESEME . (&5 Vue CLI BIEE— 1 5FTRE: St
Java Spring Boot (454 Spring Cloud IfgE) Bli2/Fi, ARER Vue.js BIi2aETIR, XIGEEIR package com.example.collectionsystem.service; N ctenplates
—NZHFZ BDD 172 PRI THAER \ FRiEF . package com.example.collectionsystem.controller; <div class="dashboard">
- Zhe R NI = RER mport com.example.collectionsystem.model.CollectionTask; 2 2 b bash <h2>fERIESTIR</h2>
import com.example.collectionsystem.repository.CollectionTaskRepository; <table id="tasksTable">

import org.springframework.beans.factory.annotation.Autowired; import com.example.collectionsystem.model.CollectionTask; <thead>

o < S 4= = A import org.springframework.stereotype.Service; import com.example.collectionsystem.service.CollectionTaskSer vue create collection-frontend <tr>
Em J a Sprlng Boot *u Sprlng ClOU lﬁﬁﬁﬂﬁﬁﬁa import org.springframework.beans.factory.annotation.Autowired; <th>BP&#</th>
import java.time.localDateTime; import org.springframework.web.bind.annotation.x; <th>@ME®</th>

port java.util.List; MEIRERS | 3O = —hk g <th>R@%4h</th>
1. HERE RIS (U SRS ARIE B E F AN ZIN4E,

<th>iR%</th>
= import java.util.List; <th>$#8fE</th>
@Service
. —— s : . S R % </tr>
fEF3 Spring Initializr 8132 —"37#) Spring Boot T H: public class CollectionTaskService { oos i Contealler 2. BRI NERIREIIR </thead>
" " <tbody>
WEXE: Maven Project @Autowired @RequestMapping(*/api/tasks") - ot 5 <tr v-for="task in tasks" :key="task.id">
BE: Java private CollectionTaskRepository taskRepository; public class CollectionTaskController { SMEVEHTE B RHLRMRHI: <td>{{ task.customerName }}</td>
sl <td>{{ task.overdueAmount }}</td>
Spring Boot hRZAs: JERRFAVIEERRA public CollectionTask createTask(CollectionTask task) { @Autowired . <td>{{ task.riskLevel }}</td>
= % task.setStatus("Pending"); : - 4 - 93 <td class="status">{{ task.status }}</td>
: private CollectionTaskService taskService;
T TR return taskRepository.save(task); P e ! <td>

Group: com.example <button class="completeTask" @click="completeTask(task.id)">5em</button>

" "
Artifact: collection-system @PostMapping( {create ) ) </td>
T public List<CollectionTask> getTasksForCollector(String collectorUser: public CollectionTask createTask(@RequestBody CollectionTq </tr>

eturn taskRepository.findByCollectorUsernameAndStatus(collectorUg return taskService.createTask(task); </tbody>
Spring Web </table>

" . — e <div id="newTaskNotification" v-if="showNotification">
o Spring Data JPA 3. B2 & Axios IA#1T API i A FORRESEHR
public void assignTasksToCollector(String collectorUsername) { 5 5
H2 Database (FBFFLIR) Pl s @GetMapping("/collector/{username}") </div>

i SIS ) i : . e ; " d
> Spring Security (IR BELHRIE) List<CollectionTask> unassignedTasks = taskRepository.findByColled public List<CollectionTask> getTasksForCollector(@PathVarieike Sz e BE I SIEVS T RN </:£m;¥:te>
) = ) —_ for (CollectionTask task : unassignedTasks) { return taskService.getTasksForCollector(username);
Spring Cloud Dependencies (RNR{EMMARSINEE) task. setCollectorUsername(collectorUsername) ; .
- X task.setAssignedAt(LocalDateTime.now()); e import apiClient from '@/plugins/axios';
TEIBRY pom.xml XA Spring Cloud ##IA: taskRepository. save(task); y @PostMapping("/assign/{username}")
0= - public void assignTasksToCollector(@PathVariable String ug s L s/axios IR CIRIEE |

% 9 2 i = 4 data() {
taskService.assignTasksToCollector(username); import axios from 'axios'; return {

tasks: [],

cd collection-frontend
npm install axios vue-router

<script>

ks

<dependencyManagement> T eReoia, comeTeTask(Uong task1d) { const apiClient = axios.create({ showNotification: false,
<dependencies> o

st CollectionTask task = taskRepository.findById(taskId).orElseThrow( @PostMapping("/complete/{taskId}") B e e oca O LCHE (D Ly ¥
<groUpId>org. springframework.cloud</groupId> task. setStatus("Completed"); public void completeTask(@PathVariable Long taskId) { Hx:/lthCrecentlals: ey it G 4
<artifactId>spring-cloud-dependencies</artifactId> task.sethmpletedAt(LocalDateTme.now()), taskService.completeTask(taskId); X await this.fetchTasks();
<version>Hoxton.SR12</version> taskRepository.save(task); N
<type>pom</type> export default apiClient; methods: {
<scope>import</scope> async fetchTasks() {
</dependency>

</dependencies> const response = await aplchen(.ge°asks/collectorl$(t>' s.getUsername()}');
</dependencyManagement> this.tasks = response.data;

2024 AHFIEMTIES | ARDHLTE R0\ EAEY St et e P e TRk " NDD




» KiRRRHUCERIHR R EZRFTH AR NDD smznzes |

Player Pool Training Self Play

..... i ety
collection-tasks—automation/ I s : -

e MEXHA P 2R/ Ag el

| }— main package com.example.collectionsystem. repository; I " I } ) . T ol

}

L— features

L— assign_collection_tasks.feature

| | L— java .I.ﬁ'aj{ : :

| L test / = import com. example. collectionsystem.nodel.CollectionTask; ' ' Undate ' / I . 3 . Starting from seratch
| F— java org. springframework. data. jpa. repository.JpaRepository; I P I t ' : - . 3

| | |~ runners . o e . otV - . )

| | |  — RunCucumberTest.java ( ) java.util.List; | .|EE||. | | 3 Deep Models |

| | L— stepDefinitions ‘ : : ; ‘ s s 1 5 v !

[ | L— AssignCollectionTasksSteps.java public CollectionTaskRepository extends JpaRepository<CollectionTask, Long> {

| L— resources List<CollectionTask> findByCollectorUsernameAndStatus(String collectorUsername, String statu Update

I

|
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v v
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High Level Requirements Sprint User Stories Definition of Done . i
Code Solution 1 Dual ' Test Case 1
Acceptance criteria 1 = x :
_ - Code Solution 2 Execution | Test Case 2
Ncle :
Generation e s . Generat(on’l‘
. = . The Best Code Solution
52k
AXE
I a7 £ * Refer to our paper: Bei CHEN et. al., CodeT: Code Generation with Generated Tests, https://arxiv.org/abs/2207.10397
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