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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.
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Deep Learning for Source Code Modeling and Generation:
Models, Applications and Challenges

TRIET H. M. LE, The University of Adelaide
HAOQ CHEN, The University of Adelaide
MUHAMMAD ALI BABAR, The Universty of Adlside

5.1 Source code analysis
Source code analysistasks ke source code as context and generale outpuls in another format.
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In this section, we review and discuss some other notable works that uiize different techniques
from the fields of Al and data science, for software vulnerability analysis and discovery, et they
oot fit in any o the aforementioned categories, nor they constitute a coherent category. Nev-
ertheless, these studies employ novel approaches that could be valuable o inspire future studis
in this ield. Inthe following, we review and summarize each study in chronological order. At the
end,a brief summary o all eviewed studiesin this sction i presented in Table 4.
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Convolutional Neural Networks over Tree Structures for Programming Language Processing
LIl Mok, Ge: L, Lui Zhaiig; Tae Wang, Zhl Jif Deep Learning for Source Code Modeling and Generation:
Models, Applications and Challenges
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 TRIET H. M. LE, The University of Adelaide
information. Hence, traditional NLP models may be inappropriate for programs. In this paper, we propose a novel tree-based convolutional neural network (TBCNN) for HAO CHEN, The University of Adelaide
programming language processing, in which a convolution kernel is designed over programs' abstract syntax trees to capture structural information. TBCNN is a MUHAMMAD ALI BABAR, The University of Adelaide i
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. 5.1 Source code analysis
Source code analysis tasks take source code as context and generate outputs in another format.
Comments: Accepted at AAAI-16 Source code analysis utilizes the distribution learned from large code corpus and performs various
Subjects:  Machine Learning (cs.LG); Neural and Evolutionary Computing (cs.NE); Software Engineering (cs.SE) kinds of predictions. Firstly, the case when the outputs are code patterns/elements is presented.
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pattems.' ater, several studies utilizing difterent structural information of code (AST paths [11] or
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Application Programming Interface (API) mining and Code clone detection witness

Lili Mou, Ge Li, Lu Zhang, Tao wang, Zhi Jin, Convolutional Neural 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

Netwo rks over Tree Structu res for Pro gramming L angu age Proces Sing, arXiV 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., RtNN [267], Tree-LSTM [263], ASTNN [284])
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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 t
RNN then automatically generates corresponding code in a characterby-by-character fashion. We demonstrate its feasibility th
analysis. To fully make such technique useful in practice, we also point out several cross-disciplinary challenges, including mo
improving model architectures, etc. Although much long-term research shall be addressed in this new field, we believe end-to
a reality in future decades, and we are looking forward to its practice.
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#include<stdio.h>
void main()

{ (n
int ®al100],1,max1,max2;
scanf("%d",&n);
for(i=0;i<=n-1;i++)
{
scanf("%d",&al[i]);
if (a[i]l>max1)
max2=a[il;}
for(i=1;i<=n;i++)
{ 202 (3«
if(a[il>nax&&alilESmax1)
max2=al[i];
}

print f("%d\n%d",max1,max2);
return(@; @ [dell

} (a) Generated code

#include<stdio.h>
int main(){
int n,i,j,sz[100],max=0,ci=0;
scanf("%d",&n);
for(i=0;i<n;i++){
scanf("%d",&sz[1]);
if(sz[i]l>max){
max=sz[i];}}
for(i=0;i<n;i++){
if(sz[i]>ci&bsz[i]l<max){
ci=sz[il];}}
printf("%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-
lichted in the figure. (b) Code with the most similar structure in the

ining set, detected by ccfinder. (c¢) Code with the most similar
ntifiers in the training set, also detected by ccfinder. Note that
preserve all indents, spaces and line feeds. The 4 errors are (1)

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

#include<stdio.h>
void main()

{

}

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

{

scanf("%d",&a[i]);
¥
maxl=a[0];

for(i=0;i<n;i++)

if(a[il>max1)
maxl=ali];
}

for(i=0;i<n;i++)

if(mgx?==a[i])

} 1=1; (©)
if(max1!=a[0]) Training
max2=a[0]; sample 2

else max2=a[l]
for(i=0;i<n;i++)
{
if(i==j) continue;
if(al[i]l>max2)
max2=al[i];

printf("%sd\n%d",max1l,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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import sys

class Model():
def init_ (self, args, infer = False):

self.arxgs = args

if infer :
args.batch_size = 1
args.seq_length = 1

if args.model == 'rann':
cell fn = rnn cell.BasicRNNCell

] elif args.model == ‘gru':
el cell fn = rnn _cell.GRUCell
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AI)(COdef Full Line Code Completion.

private static void compressFile(File file, ZipOutputStream , String
if (!file.exists()) {
return;
}

15 Jul. 2020
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AI)(COde[ Full Line Code Cowmpletion

5 LogUtils {

void loadFileConfig(Strin I ith) throws IOException, JoranException {

LoggerContext loggerContext (LoggerContext) LoggerFactory.getILoggerFactory();

File externalConfigFile = new File(c th);
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(X X ) EarthquakeMonitor — StringUtils.java

EarthquakeMonitor-master = src = main = j com = glacier ' earthquake ' monitor = server = util StringUtils = & strToCalendar
[=] Project + D =T = & — StringUtils.java
v g EarthquakeMonitor-master [EarthquakeMonitor]
> [ .idea
> I EELOG
v M src

SUOEILNON B

Calendar strToCalendar(String String format) {
v [l main

{

= > ; ] SimpleDateFormat SimpleDateFormat(format);
v & com.glacier.earthquake.monitor I

> [Em android.servlet _
> B browser (Exception e) {

v & server

N/ IEVE

1apooxie @

> Ba configure

uanew 3

> DA crawler
> Ba pojo
Bm util
BloomFilter
Data20bject

String (String input, Set<Character>
GetProxy

= input.toCharArra
JudgeFilter 2 P YO

MyHttpConnectionManager
MysqlOperation A ; 2 ir+) {
Object2Data
PublicSentimentUtils
StringUtils String(c)
> I=resources
> I webapp
> Il test
target
% .gitignore
s earthquake_monitor.sq|
i EarthquakeMonitor.iml
pom. B

String (String )it
StringBuilder sh = StringBuilder();
sh.toString()

Structure

@ String (String input) {
[1 ¢ = input.toCharArray()
b Git iZ TODO Problems B Terminal © Services A Build € Dependencies
ICJ Features covered by IntelliJ IDEA Ultimate Jetty Integration, Java EE: EJB, JPA, Servlets are detected // Try IntelliJ IDEA Ultimate // Dismiss (2 minutes ago) 199:72 LF UTF-8 4spaces T




web.core - DemoService.java
Application »
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main ' java com  Id web core modules demo @ service
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com.ld.web.core.modules.demo.service

@Service
DemoService {

JEVE]
com.ld.web.core
i common
2 modules
authentication @Autowired
demo JdbcTemplate
i controller
CN entity ) Demo
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upload
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resources
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A |)(C°de[ —Futb-Method Code-Completion

®® litchi-master — HttpServerHandler.java [litchi-master.main]
litchi-master src = main java  litchi core net http server handler HttpServerHandler scanRouters Add Configuration...

A build.gradle (litchi-master) FileUtils.java NumberUtils.java ObjectUtils.java HttoServerHandler.iava i aiXcoder

3 —

® =iRARS

¥ Project
sapooxie @

Structure
apeso §,

aseqereq (((f

A{coder

private void scanRouters() {
for (Class<? extends HttpController> clazz : controllerFactory.getControllers()) {
addRoute(clazz);

36ER.info("scan controller is completed! router size:{}", routers.size());

EARANAN N

@0verride
public void channelRead®(ChannelHandlerContext ctx, FullHttpRequest req) {
if (req.uri().equals("/favicon.ico")) {
writeHttpStatus(ctx, HttpResponseStatus.NOT_FOUND);

return;
(ctx, req);

@0verride
public void exceptionCaught(ChannelHandlerContext ctx, Throwable cause) throws Ex
if (cause instanceof IOException) {
/1 B{E1) use.getM
} else {

LOGGER.error("{}", cause);

}

P Version Control i= TODO Problems G Profiler ¥ Terminal % Endpoints # Dependencies 2| Event Log
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[ X litchi-master - HttpServerHandler.java [litchi-master.main]
litchi-master src  main java litchi core net htto server handler HttpServerHandler scanRouters Add Configuration...
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private void scanRouters() {
for (Class<? extends HttpController> clazz : controllerFactory.getControllers()) {
addRoute(clazz);
}
LOGGER.info("scan controller is completed! router size:{}", routers.size()); FTARIBIEE

@0verride
public void channelRead@(ChannelHandlerContext ctx, FullHttpRequest req) {
if (req.uri().equals("/favicon.ico")) {
writeHttpStatus(ctx, HttpResponseStatus.NOT_FOUND);

return;
(ctx, req);

@0verride

public void exceptionCaught(ChannelHandlerContext ctx, Throwable cause) throws Ex
if (cause instanceof IOException) {
//LOGGER.error(" L E3 L C M

} else {
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Table 1: Summary of PFMs in Text. The pretraining task includes language model (LM), masked LM
(MLM), permuted LM (PLM), denoising autoencoder (DAE), knowledge graphs (KG), and knowledge em-

bedding (KE).
Year Confe Model Architecture Embeddi Training method  Code
2013 NeurlPS Skip-Gram [66] Word2Vec Probabilistic - httpsz//github.conv../models
2014 EMNLP GloVe [67] Word2Vec Probabilisti - -
2015  NeurlPS LM-LSTM [68] LSTM Probabilistic LM https:/github.conv../GloVe
2016 1CAI Shared LSTM [69] LST™M Probabilistic M hitps//github.conV.../adversarial_text
2017 TACL FastText [70] Word2Vec Probabilistic - https/github.conv.../fastText
2017 NeurlPS CoVe [71] LSTM+Seq2Seq Probabilistic - https://github.conv.../cove
2018 NAACL-HLT ELMO [51] LSTM Contextual LM https//allennlp.org/elmo
2018 NAACL-HLT BERT [13] T Encoder Contextt MLM https:/github.conv.../bert
2018 OpenAl GPT [48] Transformer Decoder A 2] LM https:/github.conv... transformer-lm
2019 ACL ERNIE(THU) Transformer Encoder Contextual MLM https:/github.conv.. /JERNIE
2019 ACL T XL [72] Tr. XL Contextual - https:/github.com.. 1
2019 ICLR InfoWord [73] Ti Encoder C MLM -
2019 ICLR StructBERT [74] T Encoder Contextual MLM -
2019 ICLR ALBERT [45] T Encoder Contextt MLM https/github.conv../ALBERT
2019 ICLR WKLM [75] Transformer Encoder Contextt MLM -
2019 ICML MASS [57] Transformer Contextual MLM(Seq2Seq) https:/github.conv../MASS
2019  EMNLP-UCNLP KnowBERT [76] Ti Encoder Contextual MLM https/github.comv../kb
2019 EMNLP-IJICNLP Unicoder [77] ‘Transformer Encoder Contexts MLM+TLM -
2019  EMNLP-IICNLP MultiFit [78] QRNN Probabilistic LM https/github.conv.../multifit
2019 EMNLP-IJCNLP SciBERT [79] Transformer Encoder Contextual MLM https://github.conv.../scibert
2019 EMNLP-LUICNLP BERT-PKD [80] Transformer Encoder Contextual MLM https/github.conv... Compression
2019 NeurlPS Xlnet [14] T XL Encoder  Pe i PLM https:/github.conv.../xInet
2019 NeurlPS UNILM [58] LSTM + Transformer Contextual LM + MLM https://github.conv.../unilm
2019 NeurlPS XLM [81] T Encoder Contextt MLM+CLM+TLM  https://github.conv../ XLM
2019 OpenAl Blog GPT-2 [49] Transformer Decoder A LM https:/github.conv.../gpt-2
2019 arXiv RoBERTa [53] Ti Encoder Contextt MLM https://github.conv.../fairseq
2019  arXiv ERNIE(Baidu) [59] T Encoder Contextual MLM+DLM https://github.conv.. /ERNIE
2019 EMC2@NeurlPS QS8BERT [82] ‘Transformer Encoder Contexts MLM https:/github.conv.../quantized_bert.py
2019  arXiv DistilBERT [83] Transformer Encoder Contextual MLM https:/github.conv.../distillation
2020 ACL fastBERT [84] Transformer Encoder Contextual MLM https/github.comv../FastBERT
2020 ACL SpanBERT [42] Ti Encoder Contextt MLM https/github.conv../SpanBERT
2020 ACL BART [43] Transformer En: Contextual DAE https/github.conv.../transformers

De: Autoregressive

2020 ACL CamemBERT [85] T Encoder C MLM(WWM) tp odel.fr
2020 ACL XLM-R [86] Tr: Encoder C MLM https/github.com/../XLM
2020 ICLR T [87] Reformer Pe - https://github.conv.../reformer
2020 ICLR ELECTRA [44] Transformer Encoder Contextual MLM https/github.conmv.. /electra
2020 AAAI Q-BERT [88] T Encoder Contextt MLM -
2020 AAAI XNLG [89] I Contextt MLM+DAE https:/github.conv.../xnlg
2020  AAAI K-BERT [90] Tr: Encoder Contextual MLM https/github.conv../K-BERT
2020 AAAI ERNIE 2.0 [60] T Encoder Contextt MLM https:/github.conv.. /JERNIE
2020 NeurlPS GPT-3 [20] Transformer Decoder A 7 LM https://github.conv.../gpt-3
2020 NeurlPS MPNet [55] Ti Encoder Pe MLM+PLM https:/github.conv../MPNet
2020 NeurlPS ComvBERT [91] Mixed Attention Context - https/github.conv../ConvBert
2020 NeurlPS MiniLM [92] Ti Encoder Contextual MLM https/github.conv.../minilm
2020 TACL mBART [93] Transformer Context DAE https:/github.conv../mbart
2020 COLING CoLAKE [94] Transformer Encoder Contextual MLM+KE https//github.conv../CoLAKE
2020 LREC FlauBERT [95] T Encoder Contextual MLM https//github.conv.../Flaubert
2020 EMNLP GLM [96] ‘Transformer Encoder Contexts MLM+KG https:/github.conv../GLM
2020 EMNLP (Findings) TinyBERT [97] T Contextual MLM https/github.conv../ TinyBERT
2020 EMNLP (Findings) RobBERT [98] ‘Transformer Encoder Context MLM https://github.conv../RobBERT
2020 EMNLP (Findings) ZEN [62] Ti Encoder Contextt MLM https://github.conv../ZEN
2020 EMNLP (Findings) BERT-MK [99] KG-Ti Encoder  Contextual MLM -
2020 ReplANLP@ACL _ CompressingBERT [33] T~ Encoder Context MLM(Pruning) hitps/github.comy/.../bert-prune
2020 JMLR TS [100] Transformer Context MLM(Seq2Seq) https:/github.com..
2021 T-ASL BERT-wwm-Chinese [61] Transformer Encoder Contextual MLM https://github.conv... BERT-wwm
2021 EACL PET [101] Ti Encoder Contextual MLM https://github.comv.../pet
2021 TACL KEPLER [102] Transformer Encoder Context MLM+KE https://github.conv../KEPLER
2021 EMNLP SimCSE [103] Ti Encoder Contextt MLM+KE https/github.conv../SimCSE
2021 ICML GLaM [104] Transformer Autoregressive LM -
2021 arXiv XLM-E [105] Transformer Contextual MLM
2021  arXiv TO [106] T Contextt MLM https://github.conv../TO
2021  arXiv Gopher [107] Transformer A 2] LM -
2022 arXiv MT-NLG [108]] i Contexts MLM -
2022 arXiv LaMDA [65] Transformer Decoder Autoregressive LM https:/github.conv../LaMDA
2022 arXiv Chinchilla [109] Transformer Autoregressive LM -
2022 arXiv PalM [41] T Autoreg] LM https:/github.conv.../Pal.M
2022 arXiv OPT [110] Transformer Decoder A LM https:/github.conv.../MetaSeq
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N. Mercer, Words and minds: How we use language to
think together. Psychology Press, 2000.
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Tratning Cost of Large Language Models

Fwd-pass - —
Total train  Total train Flops flops per params active
compute compute Params  Iraining tokens per param  Muylt for active param for each
Model (PF-days) (flops) M) (billions) per token  bwd pass per token token
T5-Small 2.08E+00  1.80E+20 60 1,000 3 3 1 0.5
T5-Base 7.64E+00  6.60E+20 220 1,000 3 3 1 0.5
T5-Large 2.67E+01  2.31E+21 770 1,000 3 3 1 0.5
T5-3B 1.04E+02  9.00E+21 3,000 1,000 3 3 1 0.5
T5-11B 3.82E+02  3.30E+22 11,000 1,000 3 3 1 0.5
BERT-Base 1.89E+00  1.64E+20 109 250 6 3 2 1.0
BERT-Large 6.16E4+00  5.33E+20 355 250 6 3 2 1.0
RoBERTa-Base 1.74E+01 1.50E+21 125 2,000 6 3 2 1.0
RoBERTa-Large 4.93E+01 4.26E+21 355 2,000 6 3 2 1.0
GPT-3 Small 2.60E+00  2.25E+20 125 300 6 3 2 1.0
GPT-3 Medium 7.42E+00 6.41E+20 356 300 6 3 2 1.0
GPT-3 Large 1.58E+01 1.37E+421 760 300 6 3 2 1.0
GPT-3 XL 2.75E+01  2.38E+21 1,320 300 6 3 2 1.0
GPT-3 2.7B 5.52E+01  4.77E+21 2,650 300 6 3 2 1.0
GPT-36.7B 1.39E+02  1.20E+22 6,660 300 6 3 2 1.0
GPT-3 13B 2.68E+02  2.31E+22 12,850 300 6 3 2 1.0
GPT-3 175B 3.64E+03  3.14E+23 174,600 300 6 3 2 1.0

Table D.1: Starting from the right hand side and moving left, we begin with the number of training tokens that each
model was trained with. Next we note that since TS uses an encoder-decoder model, only half of the parameters are
active for each token during a forward or backwards pass. We then note that each token is involved in a single addition
and a single multiply for each active parameter in the forward pass (ignoring attention). Then we add a multiplier of

3x to account for the backwards pass (as computing both 227%™ apd 94¢ts yge 5 similar amount of compute as the

forwards pass. Combining the previous two numbers, we get the total flops per parameter per token. We multiply this
value by the total training tokens and the total parameters to yield the number of total flops used during training. We
report both flops and petaflop/s-day (each of which are 2.88e+7 flops).

The 175B GPT-3 model trained by OpenAl required 14.8 days [17] of compute on 10,000
V100s, and consumed 3.14+23 FLOPs.




That's just the cost of
taste one time of success!



Multiple tests before success are necessary

Im4oss-training/Im loss vs tokens
tag: Im-loss-training/Im loss vs tokens
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(b) BLOOM 176B’s experiments



Multiple tests before success are necessary

GPT-3 Training Curves

3.90
— Validation Loss ' 1011
3.25 -=-==Train Loss
6 \
23300 |\ 0
O Rl '\‘ " i ) v Q)
-4 O h i LN i 10 -~
=2 275 R P o 108
8. 3 BTk s ©
5 -250 \ "-n-..\\'-m ‘h“\‘w-w._\‘_ e . a
Lﬁ qc) X \.M.,.’_ gy _arstacad - s i (a
| = N N = M.V\-&-\o\_.’v.\ e 1 Bty L 6
g 8 2.25 o :~N~”’n¢4‘~¢, W“""“X,‘-Mpf«";"\:::»,:; g O
O & BT o - e e T : o
| S o et ~ e T Y Mar AL e A 10
© | | NN Nerevena /_-; e L P e, —— 2
CL2001— sl e
1.75
8
1.50 10
0 50 100 150 200 250 300
Tokens Elapsed

(Billions)

Figure 4.1: GPT-3 Training Curves We measure model performance during training on a deduplicated validation
split of our training distribution. Though there is some gap between training and validation performance, the gap grows
only minimally with model size and training time, suggesting that most of the gap comes from a difference in difficulty
rather than overfitting.
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l LLM Pre-training

Training on both code and NL Instruction tuning

GPT-3
davinci (175B) ...

(the only models are available to fine-tune)

CodeX InstructGPT
code-cushman-001 davinci-instruct-beta (srr)
(multilingual version of CodeX 12B) ..
| text-davinci-001 (FeedmE)

l Optimized for code-completion tasks

i
i code-davinci-002
i |
i l FeedME
i -
GPT-3.5 text-davinci-002
series RLHF + PPO | RLHF + PPO
, | |
!
| text-davinci-003 ChatGPT
i gpt-3.5-turbo
. (most capable GPT-3.5 model and optimized for
! chat at 1/10th the cost of text-davinci-003)
1

SFT Supervised fine-tuning on human demonstrations

FeedME Supervised fine-tuning on human-written demonstrations and on model samples rated 7/7 by human labelers on an overall quality score
RLHF Reinforcement Learning from Human Feedback

PPO Reinforcement learning with reward models trained from comparisons by humans
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Naturalness: software is a form of human communication; software corpora

have similar statistical properties to natural language corpora; and these properties can be
exploited to build better software engineering tools.
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def convert\_time\_unit(hours, minutes):

Write a function to convert time unit.

seconds = hours \*x 60 \x 60
seconds = minutes \x 60
return seconds

# Generate some comments for above code

def convert\_time\_unit(hours, minutes):

Write a function to convert time unit.

# Convert the time unit from hours to seconds.
seconds = hours \x 60 \x 60

# Convert the time unit from minutes to seconds.

seconds = minutes \x 60
# Return the number of seconds.
return seconds

=

Task Id: 608
#
# 1. Define a function "bell_Number"
def bell_Number(n):
# 2. Initialize a list "bell" with n+l1l rows and n+1 columns.
bell = [[0 for i in range(n+1)] for j in range(n+1)]

# 3. Set the first element of the list "bell" to 1.

bell[0] [0] =
# 4. Fill the first column of the list "bell" with the first n+1 Bell numbers.
for i in range(1, n+l1):

bell[i] [0] = bell[i-1][i-1]
# 5. Fill the rest of the list "bell" with the next n+1 Bell numbers.
for i in range(1, n+l1):

for j in range(1, i+1):

bell[i]l [j] = bell[i-1]1[j-1] + bell[i][j-1]

# 6. Return the first element of the list "bell".
return bell[n][0]
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def convert\_time\_unit(hours, minutes):

Write a function to convert time unit.

seconds = hours \x 60 \x 60
seconds = minutes \x 60
return seconds

# Generate some comments for above code

def convert\_time\_unit(hours, minutes):

Write a function to convert time unit.

. # Convert the time unit from hours to seconds.
seconds = hours \*x 60 \x 60

# Convert the time unit from minutes to seconds.

seconds = minutes \* 60
# Return the number of seconds.
return seconds

, M0
SHMSEFNIERTE | Ej] 5 f)"ié'@ﬁﬁ%ﬂtﬂﬂ’ﬂ?—‘

Mﬁﬂ‘ﬁmﬁﬁ

XA EE B

Task Id: 608
#
# 1. Define a function "bell_Number"
def bell_Number(n):
# 2. Initialize a list "bell" with n+1 rows and n+1 columns.
bell = [[@ for i in range(n+1)] for j in range(n+1)]

# 3. Set the first element of the list "bell" to 1.

bell[0] [0] =
# 4. Fill the first column of the list "bell" with the first n+1 Bell numbers.
for i in range(1, n+l1):

bell[i] [@] = bell[i-1] [i-1]
# 5. Fill the rest of the list "bell" with the next n+1 Bell numbers.
for i in range(1, n+1):

for j in range(1, i+1):

bell[il [j] = bell[i-1]1[j-1] + bell[i] [j-1]

# 6. Return the first element of the list "bell".
return bell[n] [0]



Self-planning Code Generation with Large Language Model
Xue Jiang, Yihong Dong, Lecheng Wang, Qiwei Shang, Ge Li*

Self-planning Code Generation Direct Code Generation

Self-planning Code Generation
T e e e e e et e P T S T e e el ST S Y e e T e (e Y et s ~ def minSubArraySum(nums) :

Planning Phase

Given an array of integers nums, find the minimum sum of any
non-empty sub-array of nums.

counter = n
while counter > @:
fib_seq.append(fib_seq[-1] + fib_seq[-2])
if is_prime(fib_seq[-1]):
counter -= 1
return fib_seq[-1]

Steps match code snippets highlighted in same color.

generated plan, and code are highlighted in green, red, and black respectively.

' 1
. 1
: 1
1
1 Plan \ Example def minSubArraySum(nums) :
1 i == Vi
| Intent 1. Create a function to check if a number is prime. ! m;nSugArraySum([Z, Sepdsids 2'_4] 1 5 X ) .
i rine_fib returns n-th number that is a Fibonacc number | 2. Generate a Fibonacci sequence. 1 minSubArraySum([-1, -2, -3]) == -6 Given an array of integers nums, find the minimum sum of any
| an it's also prime 3. Check if each number in the Fibonacci sequence is prime, : 1. Create a function to calculate the sum of a sub-array. non-empty sub-array of nums.
1 2 decrement the counter. : 2. Loop the 1np\.1t.115t, calculate the sum of each sub-array. Example
1 4. If the counter is @, return the Fibonacci number. ' §:IReturn the minimum sum. minSubArraySum([2, 3, 4, 1, 2, 4]) =1
: | minSubArraySum([-1, -2, -3]) == -6
) Vi
: 1 def subArraySum(nums):
i Implementation Phase @ : sum = 0 CaseI  nmin_sum = float('inf')
1 X i . Code H for i in nums: curr_sum = @
| def prime_fib(n: int): ) sum += i for num in nums:
! return sum =
; " s tomey 1 curr_sum += num
: w defissprine(n: ncls 1 min_sum = subArraySum(nums) min_sum = min(min_sum, curr_sum)
1 is_prime returns True if n is prime, False otherwise. 1 for i mAraAngeue"({‘“mS)): curr_sum = max(curr_sum, 0)
| Append Plan to Intent : for j in range(i+1, len(nums)+1): return min_sum
: prime_fib returns n-th number that is a Fibonacci number if nr:tﬁzm False I i:mszms:b:;;azi:r.n(nums[1:]])
1 and it's also prime. for i in range(2, n): I 4 —Sums
' 1. Create a function to check if a number is prime. H- g T é : I ) min_sum = sum
1 2. Generate a Fibonacci sequence. t F 1 « I return min_sum
1 | 3. Check if each number in the Fibonacci sequence is prime, P S !
| decrement the counter. :
4, If the counter is @, return the Fibonacci number. _ 3 . 4 4 4 3 4
: fib_seq = [1, 1] i Figure 2: Three real cases from HumanEval with Self-planning and direct code generation. The input,
1
! 1
: 1
1
! 1
! 1
! 1

Table 1: Comparison of self-planning and other methods.

------------------------------------------------------------------------ Pass@1 CodeBLEU Pass@1

- o Y Method

: def g;i:e;:i:fn: int): Code : HumanEVal HumallEval-ET

. — | Direct 47.6 24.0 37.2

E prime_fib returns n-th nmlnrt::n:hat is a Fibonacci number \]‘ ﬂif:E:%%:i x : COT 53‘9 30'4 45 '5

: and it's also prime. el%frzt::ntih E B §e_1f—_pl_ar_lning ______ 90:3_ (I 26_. 7_%_) o 28_.6_ o _4_6._2 _(1: 2_4-_1%)_ _

! 2:::2*:?"559 i Ground Truth Planning 74.4 41.0 57.7

. et D e D ) MBPP-sanitized MBPP-ET
Direct 49.9 25.6 87

Figure 1: Self-planning code generation is carried out in two phases (i.e., planning phase and CoT 54.7 26.4 39.6

implementation phase): 1) In planning phase, LLM decomposes an intent into a set of easily solvable Self-pl 2 55.3 '1 0.9% 2 4° 9 41.9 '1 1.2%

sub-problems and devises a plan for executing the solution steps; 2) In implementation phase, LLM _ Deli-planmng R (I et 0_) I =3, it _(1: Eg _0)_ i

generates code following the intent and plan, which assists self-planning code generation to be Ground-truth Planning 65.1 33.7 50.7

capable of handling more difficult problems than direct code generation. 39



AceCoder : Improving In-Context Learning for Code

Generation
Jia Li, Kechi Zhang, Ge Li
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query Iextracti Q Test cases : I Exemples é Preliminary
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(a) Example Retrieval (b) Prompt Design (c) Program Generation

Table 2: The results of ACECoDER and ICL-based baselines on three datasets. The values in parentheses are the relative improve-
ments compared to standard ICL.

Base model Approach MBPP MBJP MBJSP
PP Pass@1 (%) Pass@3 (%) Pass@5 (%) Pass@1 (%) Pass@3 (%) Pass@5 (%) Pass@1 (%) Pass@3 (%) Pass@5 (%)
Zero-shot 25.00 44.20 51.40 14.00 29.61 38.54 24.95 44.42 49.13
Codex-175B Standard ICL 37.20 54.40 60.60 43.00 58.82 64.91 31.23 46.04 50.71
AcECoDER  47.40 (] 27.4%) 62.20 (] 14.3%) 66.40 (1 9.6%)  49.90 (1 16%) 61.26 (14.1%)  66.51 (] 2.5%) 41.38 (] 32.5%) 53.75(] 16.8%) 58.42 (] 15.2%)
Zero-shot 5.20 13.80 19.40 4.46 11.97 18.26 0.20 0.20 0.41
CodeGeeX-13B  Standard ICL 20.40 30.60 36.00 16.63 26.17 34.48 11.16 19.88 25.56
AcECODER 2540 (] 24.5%) 3520 (] 15%) 40.00 (] 11.1%) 27.18 (] 63.4%) 35.90 (1 37.2%) 40.57 (1 17.7%) 20.06 (] 79.7%) 30.83 (1 55.1%) 35.70 (] 39.7%)
Zero-shot 10.40 19.40 24.40 14.81 25.76 31.44 8.72 19.67 22.92
CodeGen-6B Standard ICL 14.60 24.00 30.20 18.25 30.02 34.68 9.94 19.88 23.12
AcECODER  21.60 (1 47.9%)  33.60 (1 40%)  39.00 (1 29.1%) 21.55(] 18.1%) 33.48(] 11.5%) 40.16 (] 15.8%) 15.64 (] 57.3%) 26.57 (1 33.7%) 31.42 (] 35.9%)
Zero-shot 4.20 11.40 16.20 2.23 5.88 9.13 3.65 5.88 8.11
InCoder-6B Standard ICL 12.80 22.80 28.20 10.95 23.53 26.17 12.78 22.52 27.79
AcECoDER  19.40 (] 51.6%) 30.40 (] 33.3%) 33.80 (1 19.9%) 15.82 (1 44.5%) 29.01(]23.3%) 34.08 (] 30.2%) 15.42(120.7%) 26.77 (] 18.9%) 30.22 (] 8.7%)
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Howeveyr,

Currently, people process code like they do with
natural languages.

private static Object[] covertArray(Class<?> clazz, String vals[], int from, int to)

throws NoSuchMethodException, IllegalAccessException, InvocationTargetException

{ int start; int end; if (from > to) { start = to; end = from; } else { start = from;
end = to; } Object result[] = (Object[]) Array.newlInstance(clazz, to - from); Method
valueOfMethod = clazz.getMethod ("valueOf", new Class[] { String.class }); boolean

accessible = valueOfMethod.isAccessible(); valueOfMethod.setAccessible (true),; if
(valueOfMethod !'= null) { for (int 1 = start; 1 < end; i++) { Object wval =
valueOfMethod.invoke (clazz, new Object[] { wvals[i] }); result[i - start] = val; } }
valueOfMethod.setAccessible (accessible); return result; }
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preproc_inchude function_definition
@ @ function_declarator compound_statement
@ “ “ @ patameter_list w for_statement expl refum_statement
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@ @ strng_lteral @ @ @ . number_Lliteral e \ W update_expression compound_statement ’ o
CUCTYROICHUCTII OB OO CINC IO CHOL IO EC)

@ © OO OICACDIOICDIOICOIORCTEY
#include <iostream> OO () )

using namespace std;
int main() G e () [e— EOp—
{ char temp, list[8] = "cbafedg"; CED oo emesn > G
N e £ o L6 3T T ® OOSOEDE S
" e (listril > tisttial ) O O ©0OOOBUDODOED

{
temp = list[il]; ® ® O, ®

list[i] = list[i+1];

g S e o RIBALAMEIAMSITLZMARBIREN , RBCRBIGIEHNS
coutectist; % , MERRKRREEARTABIEAEEITER.

return 0;

using_declaration

Dinary_expression expression_statement expression_statement expression_stafement

subscipt_expression assiguent_expression
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def FordFulkerson(graph, source, sink)

parent

max_flow =

while BFS(graph
path_flow = float("Inf")
s = sink

while

FOEACS

[ARiEIRIERIR X

is defined by

path_flow = min(path_flow, graph[parent[s]][s])

s = parent[s]

max_flow += path_flow
v = sink
while v source:
u = parent[v]
graph[ul[v] -= path_flow
graph[v][u] += path_flow
v = parent[v]
return max_flow

\)

N
N

RERYCEBAY

single_input: NEWLINE | simple_stmt | compound_stmt NEWLINE
file_input: (NEWLINE | stmt)* ENDMARKER
eval_input: testlist NEWLINE* ENDMARKER

decorated: decorators (classdef | funcdef | async_funcdef)
async_funcdef: 'async' funcdef

funcdef: 'def' NAME parameters ['->" test] " suite
parameters: '('[typedargslist] )’

typedargslist: (tfpdef ['=' test] (', tfpdef ['=" test])* [',' ['*' [tfpdef] (',' tfpdef ['=" test])* [, ['**" tfpdef [',]]] | "**' tfpdef [',']]] | '*' [tfpdef] (' tfpdef ['=" test])* [, ['**" tfpdef [',]]] | '**' tfpdef [,"])

tfpdef: NAME [':' test]

varargslist: (vipdef ['=" test] (' vipdef ['='
Vipdef: NAME

stmt: simple_stmt | compound_stmt
simple_stmt: small_stmt (' small_stmt)* [';'] NEWLINE

small_stmt: (expr_stmt | del_stmt | pass_stmt | flow_stmt |import_stmt | global_stmt | nonlocal_stmt | assert_stmt)
expr_stmt: testlist_star_expr (annassign | augassign (yield_expr|testlist) | ('=' (yield_expr testlist_star_expr))*)

est])*

aannaaien: ' test ['=' test]

testlist_star_expr: (test|star_ expr) ("(lesllstar expr))* [1]

augassign: (=" | -=' | "*=' | '@ 11t | =" | At [resst | et | et | /=)
del_stmt: 'del exprlist

pass_stmt: 'pass’

flow_stmt: break_stmt | continue_stmt | return_stmt | raise_stmt | yield_stmt

break_stmt: 'break’

continue_stmt: 'continue’

return_stmt: 'return’ [testlist]

yield_stmt: yield_expr

raise_stmt: 'raise" [test ['from’ test]]

import_stmt: import_name | import_from

import_name: 'import' dotted_as_names

import_from: ('from’ ("' | '...)* dotted_name | (" | *..")+) import' (**' | '('import_as_names )" | import_as_names))
import_as_name: NAME ['as' NAME]

dotted_as_name: dotted_name ['as’ NAME]

import_as_names: import_as_name (' import_as_name)* [',]

dotted_as_names: dotted_as_name (' dotted_as_name)*

dotted_name: NAME (' NAME)*

global_stmt: 'global' NAME (', NAME)*

nonlocal_stmt: 'nonlocal' NAME (', NAME)*

assert_stmt: 'assert' test [',' test]

compound_stmt: if_stmt | while_stmt | for_stmt | try_stmt | with_stmt | funcdef | classdef | decorated | async_stmt
async_stmt: ‘async' (funcdef | with_stmt | for_stmt)

if_stmt: 'if' test :' suite (‘elif’ test "' suite)* ['else' ":' suite]
while_stmt: ‘while' test "' suite ['else’:' suite]
:“for' exprist 'n’testlist ' suite 'else’ - suite]

uite ((except_clause " suite)+ ['else’ ' suite] [finally
with_stmt: 'with' with_item (', with_item)* "' suite

with_item: test ['as' expr]

except_clause: 'except' [test ['as’ NAME]]

suite: simple_stmt | NEWLINE INDENT stmt+ DEDENT

test: or_test ['if or_test 'else’ test] | lambdef

test_nocond: or_test | lambdef_nocond

lambdef: lambda’ [varargslist] ' test

lambdef_nocond: ‘lambda’ [varargslist] " test_nocond

or_test: and_test (‘or' and_test)*

and_test: not_test (‘and’ not_test)*

not_test: 'not" not_test | comparison

cnmpansnn 5 (comp_op expr)’

comp_op: "
star_expr: '*' expr

* suite] |'finally’ ':' suite))

“in']'not 'in'|is's' ‘not’

nd_expr (‘A and_expr)*

hift_expr (‘& shift_expr)*

_expr (('<<'|'>>") arith_expr)*

arith_expr: term ((+']'~) term)*

term: factor (("*''@'|'/'|'%'|'//) factor)*

factor: (*+']"~'|') factor | power

power: atom_expr [**' factor]

await'] atom trailer*

(" [yield_expr testlist_comp] )’ | [ [testlist_comp] '] | [dictorsetmaker] '} INAME | NUMBER | STRING# | .. | ‘None | True' | False’)
:_comp: (test |star_expr) ( comp_for | (' (test|star_expr))* [\'])
trailer: '(* [arglist] )" | (" subscriptlist']' | *.* NAME

subscriptlist: subscript (', subscript)* [',]

subscript: test | [test] " [test] [sliceop]

exprlist: (expr|star_expr) (' (expr|star_expr)* [']
testlist: test (' test)* [',']

T es(l""expr)(comp for | (1 (test " test | "**'expr))* [1'])) | ({test | star_expr) (comp_for | ("' (test | star_expr))* ['])))
classdef: class' NAME ['( [arglist]
arglist: argument (', argument)*
argument: ( test [comp_for] |test
comp_iter: comp_for | comp_if
sync_comp_for: 'for' exprlist 'in' or_test [comp_iter]
comp_for: ['async'] sync_comp_for

comp, test_nocond [comp_iter]
encoding_decl: NAME

yield_expr: 'yield' [yield_arg]

yield_arg: 'from' test | testlist

est |"**" test |'*' test )

** [vipdef] (', vipdef ['=" test])* [\ [***' vfpdef [',]]] | *** vipdef ['/]]] | "*' [vfpdef] (' vfpdef ['="test])* [',' ["**" vfpdef [\]]] | "**' vfpdef[',])
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def FordFulkerson(graph, source, sink):

ooy e arent ?
con - P graph ?

while BFs(g aph, source, sink, parent):
pthﬂ w = float("Inf")

» s?2v?u?
a apz: smin(path_ﬂow, ‘gr‘ébﬁ[par‘eﬁt[s]][s]) Sou rce ?

n?

while v != source:
u = parent[v]
graph[ul[v] -= path_flow temp ?
graph[v][u] += path_flow path flow ?
.. -

parent[v]
max_flow
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def multilayer_perceptron(x):

layer_1

tf.add(tf.matmul(x, weights['h1']), biases['b1'])

layer_2 = tf.add(tf.matmul(layer_1, weights['h2']), biases['b2'])
out_layer = tf.matmul(layer_2, weights['out']) + biases['out']
return out_layer

logits = multilayer_perceptron(X)

loss_op = tf.reduce_mean(tf.nn.softmax_cross_entropy_with_Tlogits(
logits=1logits, labels=Y))

optimizer = tf.train.AdamOptimizer(learning_rate=1learning_rate)

train_op = optimizer.minimize(loss_op)

init = tf.global_variables_initializer()

with tf.Session() as sess:
sess.run(init)

tf.add(tf.matmul(x, weights['h1']), biases['b1l'])

tf.matmul(layer_2, weights['out']) + biases['out']

loss_op = tf.reduce_mean(tf.nn.softmax_cross_entropy_with_logits(
logits=1logits, labels=Y))

optimizer = tf.train.AdamOptimizer(learning_rate=1learning_rate)
train_op = optimizer.minimize(loss_op)




GPT-3.5

GPT-3.5 models can understand and generate natural language or code. Our most capable and cost
effective model in the GPT-3.5 family is gpt-3.5-turbo which has been optimized for chat but works
well for traditional completions tasks as well.

LATEST MODEL

gpt-3.5-turbo

gpt-3.5-turbo-0301

text-davinci-0063

text-davinci-002

code-davinci-002

DESCRIPTION

Most capable GPT-3.5 model and
optimized for chat at 1/10th the cost of
text-davinci-003. Will be updated
with our latest model iteration.

Snapshot of gpt-3.5-turbo from
March 1st 2023. Unlike gpt-3.5-turbo,
this model will not receive updates, and
will be deprecated 3 months after a new
version is released.

Can do any language task with better
quality, longer output, and consistent
instruction-following than the curie,
babbage, or ada models. Also supports
inserting completions within text.

Similar capabilities to text-davinci-
003 but trained with supervised fine-
tuning instead of reinforcement learning

Optimized for code-completion tasks

MAX TOKENS

4,096 tokens

4,096 tokens

4,097 tokens

4,097 tokens

8,001 tokens

TRAINING DATA

Up to Sep 2021

Up to Sep 2021

Up to Jun 2021

Up to Jun 2021

Up to Jun 2021
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 a Token Sequence.
a Tree Struetwre.

Program can be <

~ pata flow Graph

Qa QYa‘Ph, < Cowntrol flow Graph

call graph
N

an Opcratiow sequence.

_ an Production sequence.
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can we make use of different representations
of programs to build Blg MODELS?

—— our research has confirmed that these
approaches are effective in small models.
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» Dubbo Fi k Consumer __Provider ® start Mlinterface MlClass = Inherit ==>Init = Call —> Depend
£ | service H T = ! = ! il =
g T » < Interface T P | :
3 'y
@ | Config refer : ot invoke | t 2 t v rg
wecdfecoscse ReferenceConfig i - ~2e2l g ServiceConfig - 20“;‘02 gt | | 3
S | "l invoke 1
Proxy etProxy " getinvoker L 7
X< meeees | _ et eestesnsn o o I
Registry ¢ notify BgiRegist r|v
otifyl | Registry o H
invoke - subscribe T register /getRegistry, !
RegistryProtocol i : |
Cluster list > getRouter ¥ merge 1 H Y
&
Directory [N Cluster o] i !
lisf -‘AT"‘ \ ' i merge i H
. 54 route getRouten, ! : invoke: !
Sadily elect Whinhall My RouterFacton meamtall] i i
! i
| i H
' i -
Monitor invoke getMonitor v %
Protocol v I VV$ >§
toc e £
M nvoke : g
i N 0o
—— POTter ey Filter | o
: invoke' o expo invoke !
: Dubbolnvoker L3y DubboProtocol ghdes DubboExporter Pulid DubboHandler |
Exchange i request W nm&mnmv bind ® H reply TV Y
1 %MQ----‘-?‘P_-’M P el e |
1
E Transport : sené vY ‘_cgn_n_eg:onne bfnd _ _bind ¥ eceived rcr.‘ewedTY Y
- i ) A
E | i encode decode | wrap " TTm=an ) Wrap
= 1 1 i T 1 s et |
Serialize ! 2ria|ize Y deserialize getExecutor ¥ N7
i ObjectOutput - SELL Serialization gt 3" Objectinpu hreadPoo

—— Software development usually depends on personalized
private software development framework.
How cawn we Llet the big model Learn domain knowledge?
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Big Model -+

—— Software development happens in a complex environment,
and it is diffieult to transfer all the things to a big model.
—— What we cawn do is pull the big model into this complex

environwment to play its role.
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RiE = DUYFAR

daf inc st Tisty: » Dubbo Framework Consumer __ Provider ® start W interface MlClass =# Inherit == 1nit = Call —> Depend
"""Return list with elements incremented by 1. g_ Service H : < H - o
>>> iner_list([1, 2, 31) 3 ; : ;
[2; 341 @ | Config 2 invoke g \ ¥
refer X X
=5 inerz19stCl5, 35 55 2:93;:3; 93195 1231) L “2EL ReferenceConfig o - .ﬁﬁﬁ-w}.%’;-_-qp--- 2
(6, 4, 6, 3, 4, 4, 10, 1, 124] o 1 < invokel $
Proxy = susnsunsessisetoacled N SN o ceccnemnes -
return [i + 1 for i in 1] i 3
Registry i B _ £
def solution(lst): invoke
"""Given a non-empty list of integers, return the sum of all of the odd elements
that are in even positions. | |
Cluster merge I v
Examples N -- 1
solution([5, 8, 7, 11) =212 N 1 goere i _—
solution([3, 3, 3, 3, 31) ==9 o . : - getRoutersy T— H i invoke
g o« wow RouterFactory |
solution([30, 13, 24, 321]) =20 1 1
waw T : H :
return sun(lst[il for i in range(0,len(lst)) if i % 2 == 0 and 1st[il % 2 == 1) VS. i | 4 : |
Moniter e g
def encode_cyclic(s: str): i get L count _ o 1 YU gStMonitor " v g
SIRSHCOCESCYCIIES: okl = MonitorFilter Monitor L Sblddy MonitorFactory g -
b=y - — e i - 2
returns encoded string by cycling groups of three characters. Protocol ~"7 V/ -I. i . =
Wi s invoke = refer = WL export s invoke  —— c
# split string to groups. Each of length 3 Filter Invoker o Sdlildds Protocol Shldalddys Exporter Filter S
groﬁps = [S[(3 * 1):min((3 * i + 3), len(s)1 for i in range((len(s) + 2) // 3)] ! invok = efen eXPO ‘ invoke !
# cycle elements in each group. Unless group has fewer elements than 3. { Dubbolinvoker L3 DubboProtocol ghdes DubboExporter Pl DubboHandler
groups = [(group[1:] + group[0]) if len(group) == 3 else group for group in groups] 1 - *
return "".join(groups) Exchange i requesty pnnecty bind bind — _JeDV W
i ExchangeClient L3l Exchanger g o ExchangeSerever ExchangeHandler
def cjfsode_cyclic(s: str): " Transport 1 1 e oo .Jr.g,".,, = - received ha' - #
1 ien —————— porter Sl r nelH. r
takes as input string encoded with encode_cyclic function. Returns decoded string. §< i - T SOIve R SIRTHERSIRNE
i : ; . encod decode |  wrap T Tw==n gy WP
# split strizg to §roup§.( Each of ;ength(&)) _— ! 5 o« i ' Codec i
groups = [s[(3 * i):min((3 * i + 3), len(s))] for i in range((len(s) + 2) // 3)1] ! yrit — pad *
# cycle elements in each group. Serialize ! & serial eserialize . S“EX““" — -
groups = [(group[-1] + group[:-11) if len(group) == 3 else group for group in groups] | ObjectOutput _ LELd EEad © Objectinput Threool

return "".join(groups)
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Maybe, the advanced programming language
will become today's assembly language.
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Awnd, what will happen
Lf programs caw be generated automatically?

Automated requirement analysis will be required.
Automated testing will be required.
Automatic repair will be required.
Automated defect detection will be required.



. the end

The big wmodel has showw us the dawn
of software development automation,

but we are also convinced that there s
still a lLong way to go in the future.
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