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Known as the 15t paper on DL based Program Representation
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Computer Science > Software Engineering

[Submitted on 11 Sep 2014]
Building Program Vector Representations for Deep Learning
Lili Mou, Ge Li, Yuxuan Liu, Hao Peng, Zhi Jin, Yan Xu, Lu Zhang

Deep learning has made significant breakthroughs in various fields of artificial intelligence. Advantages of deep learning include the ability to capture highly
complicated features, weak involvement of human engineering, etc. However, it is still virtually impossible to use deep learning to analyze programs since deep
architectures cannot be trained effectively with pure back propagation. In this pioneering paper, we propose the "coding criterion” to build program vector
representations, which are the premise of deep learning for program analysis. Our representation learning approach directly makes deep learning a reality in this new
field. We evaluate the learned vector representations both qualitatively and quantitatively. We conclude, based on the experiments, the coding criterion is successful in
building program representations. To evaluate whether deep learning is beneficial for program analysis, we feed the representations to deep neural networks, and
achieve higher accuracy in the program classification task than "shallow" methods, such as logistic regression and the support vector machine. This result confirms the
feasibility of deep learning to analyze programs. It also gives primary evidence of its success in this new field. We believe deep learning will become an outstanding
technique for program analysis in the near future.

Comments: This paper was submitted to ICSE'14
Subjects: Software Engineering (cs.SE); Machine Learning (cs.LG); Neural and Evolutionary Computing (cs.NE)
Cite as: arXiv:1409.3358 [cs.SE]

(or arXiv:1409.3358v1 [cs.SE] for this version)

https://doi.org/10.48550/arXiv.1409.3358 @

T 11 Sep. 2014

From: Lili Mou [view email]
[v1l] Thu, 11 Sep 2014 08:44:28 UTC (189 KB)
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Deep Learning for Source Code Modeling and Generation:
Maodels, Applications and Challenges
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MUHAMMAD ALI BABAR, The Usiversity of Adelaide

5.1 Source code analysis

Source code analyss tasks take source code as context and generate outputs i another format
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Building Program Vector Representations for Deep Learning. arXiv preprint arXiv:1409.3358, 2014
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Computer Science > Machine Learning

[Submitted on 18 Sep 2014 (v1), last revised 8 Dec 2015 (this version, v2)]

Convolutional Neural Networks over Tree Structures for Programming Language Processing
Lili Mou, Ge Li, Lu Zhang, Tao Wang, Zhi Jin

Programming language processing (similar to natural language processing) is a hot research topic in the field of software engineering; it has also aroused growing
interest in the artificial intelligence community. However, different from a natural language sentence, a program contains rich, explicit, and complicated structural
information. Hence, traditional NLP models may be inappropriate for programs. In this paper, we propose a novel tree-based convolutional neural network (TBCNN) for
programming language processing, in which a convolution kernel is designed over programs' abstract syntax trees to capture structural information. TBCNN is a
generic architecture for programming language processing; our experiments show its effectiveness in two different program analysis tasks: classifying programs
according to functionality, and detecting code snippets of certain patterns. TBCNN outperforms baseline methods, including several neural models for NLP.

Comments: Accepted at AAAI-16
Subjects: Machine Learning (cs.LG); Neural and Evolutionary Computing (cs.NE); Software Engineering (cs.SE)
Cite as: arXiv:1409.5718 [cs.LG]

(or arXiv:1409.5718v2 [cs.LG] for this version)

https://doi.org/10.48550/arXiv.1409.5718 @

Submission history

From: Lili Mou [view email] 1 8 S 2 0 1 4
[vl] Thu, 18 Sep 2014 06:50:52 UTC (220 KB) e p.

[v2] Tue, 8 Dec 2015 12:31:51 UTC (310 KB)

Lili Mou, Ge Li, Lu Zhang, Tao Wang, Zhi Jin, Convolutional Neural
Networks over Tree Structures for Programming Language Processing, arXiv
preprint arXiv:1409.5718, 2014.
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Deep Learning for Source Code Modeling and Generation:
Models, Applications and Challenges

TRIET H. M. LE, The University of Adelaide
HAO CHEN, The University of Adelaide
MUHAMMAD ALI BABAR, The University of Adelaide

5.1 Source code analysis

Source code analysis tasks take source code as context and generate outputs in another format.
Source code analysis utilizes the distribution learned from large code corpus and performs various
kinds of predictions. Firstly, the case when the outputs are code patterns/elements is presented.
Idiom mining extracts the code segments that reappear across projects. Most common code
idioms often describe important programming concepts and can be reused across projects [7, 8]. A

related task to idiom mining is predicting class/method M” N
hiokesoiab ligadt doclassificationd O

ne of the first DL work on program-

patterns. '.ater, several studies utilizing different structural nformation of code (AST paths [I1] or

ming language processing was proposed by Mou et al. [185]. This study proposed a tree-based
CNN (TBCNN) with dynamic pooling learned directly from an AST of a program. The authors
demonstrated that their learned feature vectors of program tokens with TBCNN could be grouped
together in terms of functionality. Such representations were also demonstrated to be more effective
than n-gram (Bag-of-words) methods for identifying programming tasks and detecting bubble sort

ata-/control-flow information [6]) achieved strong performance for these tasks as well.
Application Programming Interface (API) mining and Code clone detection witness
many uses of DL models. More particularly, DeepAPI [85] was devised to learn a distributed
representation using a deep RNN seq2seq model for both user queries and associated APIs. This
work was found to perform better than the bag-of-word approach for API generation task. After that,
many DL works modeling ASTs of source code (e.g., RENN [267], Tree-LSTM [263], ASTNN [284])
also obtained high detection rates for code clones. )




e R RS RIS

») anam

Known as the 15t paper on DL based Code Generation

ar“:i(lv > ¢s > arXiv:1510.07211
&

WE

Search...

Computer Science > Software Engineering

[Submitted on 25 Oct 2015]

On End-to-End Program Generation from User Intention by Deep Neural Networks

Lili Mou, Rui Men, Ge Li, Lu Zhang, Zhi Jin

This paper envisions an end-to-end program generation scenario using recurrent neural networks (RNNs): Users can express thei
RNN then automatically generates corresponding code in a characterby-by-character fashion. We demonstrate its feasibility throu
analysis. To fully make such technique useful in practice, we also point out several cross-disciplinary challenges, including model
improving model architectures, etc. Although much long-term research shall be addressed in this new field, we believe end-to-ei
a reality in future decades, and we are looking forward to its practice.

Comments: Submitted to 2016 International Conference of Software Engineering "Vision of 2025 and Beyond" track
Subjects: Software Engineering (cs.SE); Machine Learning (cs.LG)
Cite as: arXiv:1510.07211 [cs.SE]

(or arXiv:1510.07211v1 [cs.SE] for this version)
https://doi.org/10.48550/arXiv.1510.07211 o

Submission history

25 Oct. 2015

From: Lili Mou [view email]
[v1] Sun, 25 Oct 2015 06:52:45 UTC (217 KB)

#include<stdio.h>
void main()
(1n
int ®a(100],i,max1,max2;
scanf("%d",&n);
for(i=0;i<=n-1;i++)
{
scanf("%d",&a[i]);
if (a[i]>max1)
max2=a[il;}
for(i=1; 1< n ;i+4)
{ @<
if(al 1]>max &a[l]C}maxl
max2=a[il];

}

printf(" n
return(}(a)hk”

} (a) Generated code

,max1,max2) ;

#include<stdio.h>
int main(){
int n,i,j,sz[1060
scanf( i*,&n);
for(i=0;i<n;i++){
scanf( ,&s2([1]);
if(sz[i]>max){
max=sz[i];}}
for(i=0;i<n;i++){
if(sz[i]>ci&&sz[i]<max){
ci=sz[il;}}
print f("%d\n%d",max,ci);
return 0;

(b) Training sample 1

Figure 2: (a) Code generated by RNN. The code is almost correct
except 4 wrong characters (among ~280 characters in total), high-
lighted in the figure. (b) Code with the most similar structure in the

training set, detected by ccfinder.

(c) Code with the most similar

identifiers in the training set, also detected by ccfinder. Note that

we preserve all indents, spaces and line feeds.

The 4 errors are (1)

The identifier “x” should be “n”; (2) “max” should be “max2”; (3) “=="
should be “<”; (4) return type should be void.

AD{coder

clude<stdio.h>

void main()
1,max=0,ci=0;|{

int n,i,a[100],j,max1,max2;
scanf("%d",&n);
for(i=0;i<n;i++)

scanf( ,&alil);
maxl=al[0];
for(i=0;i<n;i++)

if(a[i]l>max1)
maxl=a[i];
}
for(i
{

=0;i<n;i++)

if(maxl==a[i])
i=1; (©)
Training

if(max1l!=a[0])
sample 2

max2=a[0];
else max2=a[l];
for(i=0;i<n;i++)

{

if(i==j) continue;
if(a[i]>max2)
max2=a[i];

printf( i",max1,max2);

Lili Mou, Rui Men, Ge Li, Lu Zhang, Zhi Jin, On End-to-End Program Generation from User Intention by Deep Neural Networks,

arXiv preprint, arXiv:1510.07211, 2015.
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FHEIEREFINAT B s [REU4R 0.1 aiXcoder 0.6 aiXcoder 0.8
EFRDITHR HEFDLAMIERT EHFDLRUREER
1Y 1Y YIRS P)./thon v {B=: Java, Android v’ Python
v IDE: Eclipse v IDE: Intell) IDEA ¥ IDE: PyCharm
2019 2020 2021.3 2022.4 2022.6 2023.8 2024
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Growth of aiXcoder Model
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Capability = Model Prior + Training Data

aiXcoder 7BEIFEEHRLZ, RAEFEEEZEISRG, HpEER: <20 ms/token

N33 1.2T (1.25512) Unique Token [o53 i‘figﬁﬁg ;?E)ﬂggg.;g o
FuEHTIE, £EREILXIIGRAEIES. SEelEED: 75910

Language Num. Files(M) Volume (GB) Filtered Num. Files(M) Filtered Volume (GB)

java 526.5 1837.4 209.2 648.21
C++ 671.2 1826.1 127.1 326.56
python 202.5 925.3 81.9 353.93
javascript  459.1 4816 148.7 1281.1
go 207 298 98.6 120.3
typescript 67.3 285.2 31.5 91

c# 1454 769.7 63.6 262.3
kotlin 6.5 13.2 3.2 6.7

Table 10 | The amount of data in main language before filtering and after filtering

© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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v aiXcoder-7BIRBISZAR(CHASHETNISEMIERELL, TERNL2Code B ERIMFLF
v {BEXERR, aiXcoder-7B {RBIRIFF5(ES41=0ICodellama-34B

Model HumanEval MBPP MultiPL-E-C++ MultiPL-E-Java MultiPL-E-JS Avg
CodeGen2.5-7B 28.7% 39.2% 25.7% 26.1% 26.2% 20.1%
CodeGeex2-7TB 36.0% 36.2% 29.2% 25.9% 24.8% 30.4%
CodeLlama-7B 31.7% 38.6% 29.8% 34.2% 29.2% 32.7%
CodeShell-7TB 34.4% 38.6% 28.2% 30.4% 33.2% 32.9%
StarCoder2-7B 35.4% 54.4% 33.6% 20.4% 35.4% 37.6%
DeepSeekCoder-6.7B 19.4% 60.6% 50.3% 43.0% A8 4% 50.3%
aiXcoder-7B 54.9% 66.0% 58.2% 57.0% 64.5% 60.1%
StarCoder-15B 31.7% 42 8% 31.1% 28.5% 20.8% 32.8%
CodeLlama-13B 36.0% 48.4% 37.9% 38.0% 32.3% 38.5%
StarCoder2-15B 46.3% 66.2% 41.4% 33.9% 44.2% 46.4%
CodeLlama-34B 48.2% 55.2% 44.7% 44.9% 42.2% 47.0%

Performance(Pass@1) on HumanEval, MBPP and MultiPL-E Benchmarks.

© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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v 5 EEFEAIStand alone nl2code R[E, EEfRmEG=ER, FEI)BEXENEH2.
v ERENEERSantacoder(Ben Allal et al.,, 2023) , iZiEMEES MHumanEval s§&EMultiPL-E HRiZ1TREHN
HEVCES, AREALEREZEN LS TXFRHET, THIRBI4ERESRAYEXact MatchigtR,

Model Python JavaScript  Java Avg
StarCoder2-7B 61.1% 77.5% 81.1%  73.2%
CodelLlama-7B 67.6% 74.3% 80.2%  74.0%
CodeLlama-13B 68.3% 77.6% 80.7%  75.5%

DeepSeekCoder-7B  66.6% 79.7% 88.1% 78.1%
aiXcoder-7B-Base 73.3% 81.7% 83.0% 79.3%

Performance(Exact Match) on single-line infilling on the FIM benchmark by Ben Allal et al.

© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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[ aiXcoder 2024FEFH A HBFFEMRE | , WSEIRARIGS: SIEEFKX, WK IESEHE
B, B LETYKRESRK. EREastirARIRBEAENEE,

Model Java
Exact Match BLEU-4 CodeBLEU Length(Pred/Ref)
CodeLLama-7B 38.1 56.9 69.9 340/159
StarCoder2-7B 37.7 h7.7 69.2 353/159
DeepSeekCoder-7B 43.4 63.4 71.7 217/159
aiXcoder-7TB-Base 49.4 70.6 74.0 154/159
Model Ct++
Exact Match BLEU-4 CodeBLEU Length(Pred/Ref)
CodeLLama-7B 254 44.2 63.9 486/161
StarCoder2-7B 22.6 41.9 61.2 H83/161
DeepSeekCoder-7B 29.1 50.0 65.8 330/161

aiXcoder-7B-Base 37.3 60.3 67.4 217/161

© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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aiXcoder-7B {&BEMNFESCH &I AN ENEECrossCodeEval E, aiXcoder-7B—#ET 7R
IEBIRRIFNR.

Code Match

Model Python Java TypeScript CH#

EM ES EM ES EM ES EM ES

CodeLlama-7B 22.3 55.2 279 66.9 108 70.9 458 T77.2
+ Retrieval BM25 23,5 53.5 339 684 11.5 71.5 50.6 75.3
+ Retrieval w/Ref. 26.7 549 36.3 69.0 12.8 72.9 52.8 75.0
StarCoder2-7B 225 5H7.3 259 659 289 71.6 39.5 70.5
+ Retrieval BM25 25.3 58.0 314 674 33.3 73.2 43.5 069.8
+ Retrieval w/Ref. 285 59.0 35.0 69.2 36.0 72.6 479 T1.6
DeepSeekCoder-7B 27.2 623 334 732 36.6 77.3 459 77.0
+ Retrieval BM25 299 629 39.8 74.8 39.0 77.0 522 78.1
+ Retrieval w/Ref. 33.2 64.5 43.7 76.1 43.4 78.4 554 787
aiXcoder-7TB-Base 30.0 70.8 349 77.8 35.3 79.6 49.9 86.4
+ Retrieval BM25  35.3 74.3 422 80.4 39.9 81.3 57.7 888

+ Retrieval w/Ref. 404 76.3 47.0 824 45.0 83.8 61.0 894

Performance of various code LLMs on CrossCodeEval. “Retrieval” and “Retrieval w/ Ref.” mean
retrieved with the prompt and the prompt + reference we construct the prompt by prepending
the retrieved cross-file context.

© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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®0 litchi-master - HttpServerHandler.java [litchi-master.main]

litchi-master src  main java litchi core net htto server handler HttpServerHandler scanRouters Add Configuration..

actils java Objectutils java HttoServerHandler.java i aiXcoder

F Project

® T8RS

spoaxe @

%. Structure

(SIS ESNEER e uirErsEE
NUERESA, £6F FIBELER
B et S S U A I S =

apeso

aseqmieq ({i)

Ycoder

private void scanRout ) {
for (Class<? exte HttpController> clazz : contr “Factory.getControllers()) {
addRoute(clazz);

}

éﬁE%EXjZ:%\%H"Jiﬁ;%EEI’, *Uﬁa "1‘%53 ISR o Cscan onfrotier s compietadt router s, pavters. zeO) TFRBER

@0verride

=77 L\b B Y 3 @ public void chan 10 (ChannelHandlerContext ctx, FullHttpRequest req) {
M Eb I )( a | ,\\\IU\BE if (req.uri( als("/ co")) {
t tus(ctx, HttpResponseStatus.A Fou s
S ————
2N
Z] =, IERE= XX o

(ctx, req);

¢ void exceptionCaught(ChannelHandlerContext ctx, Throwable cause) throws
if (cause instanceof IOException) {

} el

M Bookmarks

nanea) +

P Version Control = TODO Problems Gy Profiler P Terminal % Endpoints & Dependencies
0 EEMAL: B SN O% / R (37 minutes ago)

MacBook Pro
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Example.java — test_repo
AIXCODER SortUtils.java (VET REVE] Example.java ®

src > main > java > aixcoder > generation > examples > Example.java > %2 Problem > & combSort(ArrayList<Long>)

A{coder import java.util.*;

= e ~
mport java.lang.reflect.x; 2~$¥2
: : =3 A% & -

import org.javatuples.*;
import java.security.x;

KIBBEEER pemumeress RN

class Problem

BugHmh{EE BahERL Tl

)\E’J E I\\\-LE; ﬁi— I ,|:| = LTIE?IEEH%? » )LL i N:at.,i‘w ;\rr;;Ligt;Long; COI‘T’\[’JS“DF‘t“v’A!’!”ayLLSt;l‘_O’r’;g> nums;'
SRR TERIRRERACRDFI R,

HHREENAREAIZERS, FEA 5B
4Ry BIBE], BEBEEIHAERERE
e, IREHANE,
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SortingUtils.java Test.java
PUDLIC STatic volao main(stringL) args) 1
System.out.printf("Hello and welcome!");
int[] arr = {10, 7, 8, 9, 1, 5,8};
int[]
mergeSort(arr, low: 8, high: arr.length - 1);
Arrays.sort(arr);
System.out.println(Arrays.toString(arr));
for (int i=1; i<=5; i++) {
System.out.println("i = " + i);

}

KBB4 meeaumssis 2 f
WEEEN, BYXR, FRBELERL e s it ), o )
RE—IE RO, EaERGEa e

int = (low + high) / 2|

ANVSSIBEBAY TR, RERARS, ERTER
HERLERE, BRETabiERIAIEARA.

private static void (int[] arr, int lok, int mid, int high) {

int[] temp = new int[high - low + 1];

int i = low;
int j = mid + 1;
int k = 0;

SortingUtils > mergeSort m 22:40 LF UTF-8 4spaces
© Beijing Guixin Technology or aiXcoder affiliate company. All rights reserved.
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BBt (ChE Ba4ERL mesx
IR, R AT R
AR,

EARERENBRE, BY "Brrlidf

IBERIAERL" ThREB N4 RAI R T
i, REERBRE
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AD{coder

SortingUtils.java Test.java aiXcoder

System.ouvt.println(Arrays.taoString(arr));

for (int i = 1; i <= 5; i++) {

System.out.printtn("i = " + i);

}

U
A{coder
kuublic static void mergeSort(int[] arr, int low, int high) { )\

if (low < high) {

int mid = (low + high) / 2;
mergeSort(arr, low, mid); Tab aiXcoderRfifEIBLERAME, ETabREH

mergeSort(arr, low: mid + 1, high);

() BEREHSEEDR, THTESREESE
merge(arr, low, mid, high);

BTEE, RERERERTNEENF
BSEEhENaiXcoderf P FHf

private static void merge(int[] arr, int low, int mid, int high) {

int[] temp = new int[high - low + 1];

while (i <= mid && j <= high) {
if (arr[i] <= arr[i]) {

coder > src > SortingUtils > mergeSort w 296 LF UTF-8 4 spaces



ShewiER%: (CHREENISEE

(CIOERIEIENSEZE e
EFRBIFHES B RIER, B
HERED, IREMCB RIS, HE
S Y=l =0 v

XA RREN R E A RS E

BRXAME, BB LURDFI0EE
FIEEBughIAt|aE]
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© SortingUtils.java Testjava

coder > src >

int[] arr = {10, 7, 8, 9, 1, 5,8};

int[] 5, 7, 8, 9, 10

mergeSort(arr, low: 8, high: arr.length - 1);

Arrays.sort(arr);

System.out.println(Arrays.toString(arr));

for (int i = 1; 1 <= 5; i++) {
System.out.println("i = " + i);

}

}

public static void mergeSort(int[] arr, int low, int high) {

if (low < high) {

int mid = (low + high) / 2;

mergeSort(arr, low, mid);
mergeSort(arr, low: mid + 1, high);

merge(arr, low, mid, high); k
}
}

private static void merge(int[] arr, int low, int mid, int high) {

int[] temp = new int[high - low + 11;

int i = low;
int j = mid + 1;

int k = 0;

© SortingUtils

AD{coder

aiXcoder

A{coder

Tab aiXcoderiZft{CIB4EMMMNE, HTabRRH

) BEOREFAREE, THTESRERE

BEHEE. REREARERNEEST
BEZEEH¥ NaiXcoderFBFF

a 301 LF UTF-8 4spaces &




EEERERS: (VIBFE A{coder

SortingUtils.java Test.java : aiXcoder

PUDLLC STaticC volao main(d>TringL) args) 1
System.ouvt.printf("Hello and welcome!");
int[] arr = {10, 7
int[] =41;05,°7; & 9,1
mergeSort(arr, low: 8, high: arr.length - 1);
Arrays.sort(arr);

System.out.println(Arrays.toString(arr)); /7,
AD{coder

for (int i =1; i <= 5; i++) {

(CHBRRE masuss e A
ESHORE, SEBEERITARI

%pul)lic static void mergeSort(int[] , int low, int high) { Tab aiXcoderiZRUIBAEREAME, HTabRRA

BEFNZEHE, MTIERKII RAYSI A RERE. it am < 4 = [0 aemrszen Tavassman

int mid = (low + high) / 2; R
g : B3

iGH, RIENEHERMNREF
#EHi¥ MaiXcoderH

mergeSort(arr, low, mid);

EREATL ST S B RS A e 2
SRS, FIRSAENTT A SR
BCRBIERIRERI

private static void (int[] arr, int low, int mid, int high) {

int[] temp = new int[high - low + 1];

coder > src > (© SortingUtils > mergeSort ax 286 LF UTF-8 4spaces
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4t

T OB VvV @ F

AX| aiXcoder ¥  Version control v

SortingUtils.java

public class SortingUtils {
public static void main(Stringl[] args) {
L int[] a = {1, 5, 18, 7}
for (int i = 0; i < a.length+l; i++) {

System.out.printin(alil);

public static int[] (int[] arr) {
int n = arr.length;
if (n < 2) {
return arr;
}
int mid = n / 2;
int[] left = new int[mid];
int[] right = new int[n - midl;
System.arraycopy(arr, srcPos: 8, left, 9, mid);

Chiomims S emmecon foce  —AA  cAefn P T -

SortingUtils

AD{coder

SortingUtils ~

aiXcoder

&,
AD{coder
Tab {REGHh2M, HETabBRH, EscREL

0 EhRBHEASER, FRTESRERA

Wi, RE e RERRNEEREF
B 2HEN ¥ MaiXcoderHF

fiRe] BAfa) :
A

Shift + Enter 17

/Users/edy/Library/Java/JavaVirtualMachines/openjdk-21.0.1/Contents/Home/bin/java -javaagent:/Applications/Intel1id IDEA CE.app/Contents/lib/idea_rt.jar=59054:/Applicat:

1
5
10
7

Process finished with exit code 1

aiXcoder > src > SortingUtils > main

UTF-8 4 spaces f
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¢ 25100+ 4wIEIES

Java C++ /C Javascript Python Go Typescript

o ZiFZHERFIAEERIDE

g g v @

ho

Intellid IDEA PyCharm WebStorm PhpStorm QT Creator Visual Studio Eclipse Android Studio
Code
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aiXcoderFRENIBERMNBETFRNBLANRIE( XPEREN T UFHCRERA]. RBEXARAEE, BRI
BRARFTEERIEER, AEEHIMIZRDI G, aiXcoderfIRABIEZRINBERT LAAEISF A A RIRIEHRE KAER,

BASE:
4 — . . .
A{coder 1. RAXFTREXIWRDEEEA,
APIEFIEE RBEBRER BAIESHEER StackOverflowi2E %E @z X‘\T /Pi /—6’% 'i/% X ii_"l:' /?::]: %F% J/& ﬁ{:}i j:ﬁ [©)

I 2. XA REEEWNELT, &
BRG et A& RHE AR,

3. Xk RAHATE XM, seaHE
HLUE, T ARAPIHEF RHIR B
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IAFABERE

@ ZEE R ALY K5 AT @ % K T GitHub. GiteefnStackOverFlowZE W sk £ 7 v 1% A Fu 5] 2 40
R, ALV ANIBAEFTHIE G, AW EE AT & FH E 18K 5 AR BEAR A B
B4,

I HERIBRE
THEBLV EARBENNEERDE LT ENERRE, BEEEL Y ARHHARE
KR, TURELVRBEFE, RORBUELRT, HETFLHRER.

FERIGI PRIz
TEHELVRDL K, RECVARHHIT, HEEACRERETRWEEFARR, A
MRAAEY RBEEFREANLLER, RPUELL.
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N
R
—t—y g EE *ﬂ iln‘ ,g (D @ Attention is all you need.pdf 2024-06-06 r%

s e SRR
o UKIRBRYENIEREAS e — Y*ﬁ@{’ékﬁﬁ
Qe N FQ
EEEJZﬁng %gﬁﬂj B sminE :.FE 7| E—‘_] =
TransformerZ2+4 9L RIE S R AR T 3
s 1&;%?&56&1&'@ Eg%ﬂ_liin @ = @ TransformerEZHB—MEFEEHNFNHSNERE, EAEBAESLE (NLP) WilF, S3RENSZEIZESHEST ZEN

MR, A TR TransformerZ2fifg—L X RIZARMET:

\Y
/.

*s %M ]:E 1:|i E gj&‘ — j\ﬁ 1 IR BB Transtormer SRR T SIBE-BIBE (encoder—decoder) 44, HehEIBREH \FIIMIIEIERI0R
> = Y\ RS, MEBENEFKERTERBEEFT,
—I’, M, EIEBAIEE XA,

2. BiEEAMNS (Self-Attention) : TransformertR BT ERBANERE, MEZZHMTEEANGRMBHAMNSIL 2880
ERHMXR. BEBHAFREETEUEZHRUBKR, MTHFEIINERT.

2 ._ o ! % e " - Qﬂ: A4
~ .~ sV 2 NVA VS 2 3. ZkiFE ) (Multi-Head Attention) : Transformeri#EUEMAZLEBHHEI, EEE (queries) . §2 (keys) FIH x* ;:FU

/‘\i Iilil I:I'LI:' > D | K 5 (values) T FRIMEITRBHEITEMME, ABERLRHGIRA LHTHITEENEN, E:I:A:l 'f J

A _RF>] jz = BB

4. B4 (Positional Encoding) : HiFTransformeriREIFigABIANER, FEITBE—F5 URIHREIRERFF|$ LiF496 \E\,\ =
. UBERBEFNIBARANPOER, ERFRENBFRIIBING, j_li W .LD *ll— r TE
5. RLATRME (Point-wise Feed-Forward Networks) : BT XENFEZI, TransformertREHS—EHEZ—T=EER

jj HRTRRLE, WSS MBS BRI, {ﬁ?ﬂﬂkka&
6. 7% ZE# % (Residual Connections) @ #8TFE (BIFTENEMAMNLG) FE, TransformertREUEMILEEE, NMENS 7N\ 1# /=

EmahH B RRERLIEE, /‘\F_—I S \; >
7. B/3—1t (Layer Normalization) : Transformeri@BAESNFEZGRARII—t, FBTFHREIISGIE. ?}\iﬁ%*g:\j E

8. RALERMENML: Transformert@BUERAdamIfILERHITIIER, HRMAEEEF (Residual Dropout) . #7EFi§ (Label

"E ~ ‘wﬁr ~ Smoothing) FHIENIRARFIRSIERZCEES . N b'_‘_l ./_‘;'
—_|-A D BAEWNE
® E 1\ |:| N 9. #17#t: HF TransformertRBREKIMFFIINBATE, BMFUSEHTH, XESEEIISH AR E M8,

10. AIY RR1E: TransformerfRELAI LB B SR E S MEISIRENRE (BN AHE) RYE, MMEESRNES,

XL ARG THER T TransformerRIDAVEE, EEMN—MPEAERENRE, EATEMFIERITS.

=
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oded string by cycling group:

(env.environmentType == || env.environmentType ==

groups = [S[(3 * 1):min((3 * i + 3), (s5))] for i in range((len(s) + 2) /7 3)]

hd A | = Parandaras
A P I E3 :EE groups = [(group[1:] + group[@]) if len(group) == 3 else group for group in groups)
A ﬁ- -U- return “*. (groups)

std::cout << << std::endl;
decode_cyclic(s: str):

groups = [S[(3 # i):min((3 * i + 3), len(s))] for i in range((len(s) + 2) // 3)]

groups = [(group[-1] + group[:-1]) if len(group) == 3 else group for group in groups]
return "".join(groups)

CombatEnvironment env = {
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g P Y o A S

il TR R : R
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O FEREEESH: SHEACES, BTOEREITS,
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O sErRBERIISG: REFERDES, EFRIGTS
RHAREIEARET S ERSR TR AERY,
AEEHAR U AR O SRR RTR: AOTIRCENSKEIRST, GiF
58, IMRFBESE STHRAMASTRY, SHRIBER. RGN, Btk
PRI BRI RS FIR TN ¢ ettt = Y = B AT Nl oY)
e S RGFIRTBERRS.
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s i pcipel bUpvEILE S
t_{GPS} 1*1 float64 sGpsData.iGps
" dTj 1 float64 sGpsData.dTj
: mtdTj_J2000 1 {loat64 sOrbitlnjectPara.tdTjJ2000
mtj2000UpLimit 1 {loat64 sGpsOrbitEps.mtJ2000UpLmt
mtj2000LowLimit | 1*1 {loat64 $GpsOrbitEps.mtJ2000DownLmt
e tJ2000 1kl float64 sGpsData.tJ2000
™ C_{PN} 3*3 float64 sGpsData.Cpn(3](3] jolinilior e e ne ! loat64 gammaVect3[3];
T_{CD} 3*3 float64 sGpsData.Ted[3](3] AlYcoder |PRCoder - [ unint32 pSTSUseable;
R tmpl 1%1 float64 . o0oc loat64 tmp0[3];
£ 3 tmp2 1%1 float64 ol
Wik
JRR CalcCPN 3*3 float64 void CaleCpnifloatB4 *cpn, ®
- 37] float64 tj2000) -
¥ | (C_PNIT 3*3 float64 void MatrixTran33(float64 : y
*matrixT, float64 *matrixRaw) «_:‘_h-xlm sin(dery) ws[1]- 5in(Bimp)  @5[2] 5 Prrmp)
IF1(RVDSenFlag_G=AAh) /i i i MR 2%
{ Flg_3chose2=55h:
IF2(RVDSSkm_G=11h [ Fig_RGPSfilter=1) [MatrixScalar(tmp0, morbit.vorbit, 1/299792
{RVDSensor=RGPS; Cnt_ & max5km=0; } MatrixEvallgammaVect3, tmp0, 1, 3);
ELSEIF2(RVDS5km_G=22h H. Fig_WRfilter=1) f (pSTSUseable == 1) {
{RVDSensor=WR; Cnt_ max5km=0; } MatrixAdd(tmp1, mSTSDatalilImeasure.axes[2].d3, gammaVect3);
ELSEIF2(RVDSSkm_G=33h I Fig_LRfilter=1) MatrixTran(tmp2, mSTSData[ilimeasure.axes(2]d3, 3, 1);
{RVDSensor=LR; Cnt. & maxbkm=0; } o MatrixMulti(tmp3, tmp2, gammaVect3, 1, 3, 1);|
ELSE2 {RVDSensor=NoSensor} X X §
DS MatrixMulti(tmp4, mSTSDatali].imeasure.axes[2]d3, tmp3, 3, 1, 1
) MatrixSub(mSTSDatali].Imeasure.axes[2].d3, tmp1, tmp4, 3,
hl ELSE1 MatrixScalar(tmp5, mSTSDatal[i].Imeasure.axes[2].d3, 1/VectorNormN{mSTSDatalil.imeasure.axes[2].d3, 3), 3, 1);
%1tﬁ_q {RVDSensor=NoSensor} 3 MatrixEval(mSTSDatali]. measure.axes[2].d3, tmp5, 1, 3);
ENDAE] @ MatrixTran(tmp6, mSTSData[i].Imeasure.axes[0]d3, 3, 1);
FiiioasmacnNoSeReH - e MatrixMulti(tmp7, tmp6, gammaVect3, 1, 3, 1);
V=R T T S OSBRI TR MatrixMulti(tmp8, mSTSDatali].Imeasure.axes[2].d3, tmp7, 3, 1, 1);
Flg_3chose2=56h; MatrixSub(mSTSDatali] Imeasure.axes[0].d3, mSTSDatali]Imeasure.axes[0].d3, tmp8, 3, 1);
IF2 (Fig_RGPSfilter=1 [l Fig_WRfilter=1 FL Fig_LRfilter=1 FL MatrixScalar(tmp9, mSTSDatali].Imeasure.axes[0].d3, 1/VectorNormN(mSTSData[i].Imeasure.axes[0].d3, 3), 3, 1);

RVDSensorSelect5km._G=AAh)

{ Flg_3chose2=AAh; ,
XwRr ~ XRr
8 ltemp=[y,y g, — Yy, J: & 1=norm(3 ltemp,3) \

MatrixEval(mSTSDatali] Imeasure.axes{0].d3, tmp9, 1, 3);

Zwrr = ZRr
c‘E
8 2temp={y\y g, — Yo, )i B 2=nomm( & 2temp.3) 1“
Zwie = Zor
Xor = Xnr
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