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Abstract Program generation is one of the core research challenges in Al. At present, the neural
network methods driven by input-output data are very popular for program generation modeling.
Because of incomplete information input to the model, and complete dependency and limited memory
capacity of the neural network, the learning performances of these models suffer from the challenges
of poor generalization, generated program accuracy assurance, and being not competent for dealing
with common program structures. The memory capacity of neural network can not meet the variable
storage requirements of conventional programs. Thus, we propose a programming paradigm merging
the strengths of human’s experience and perception with those of neural network’s learning from data
samples. Human programmers provide the overall program structure roughly, and leverage the neural
network to generate the local trivial detail automatically. The programs run on an abstract computer
like digital computer, but are end-to-end differentiable, which consists of differentiable controller,
extended external memory relative to internal memory cells of neural network, and differentiable
instruction set represented by differentiable state transfer function library. So, it can not only receive
input-output samples but also program and execute instructions like traditional digital computers, and
its extended memory visible from outside provides more capacity for program variable representation.
The advantage is to promote program generation’s practical applicability. The experimental results
indicate that the method is effective and gets much better learning performance than other typical

methods in program generation.
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language; artificial intelligence

B OE OBRARAAIFERGOBE SR AL —, BATH N - B A RS eir 2 W LA R T EFR
TR T E DGO EIERRAEZNREINE ARBFERRRIEEALELLEREFEN (e L.
VAR GBS, T2 RA RPN ELE— (AN B R RMAPZ WL B RE— it

W fE B :2020-04-28; 1@ H#1:2020-09-18

EETE . v R B R SE SRR LA 20 (YSXD373105) 5 vt [E R g i 1 Rk 2 F S B 98 31 R0 300 H (ZDBS-LY-]SC038)
This work was supported by the Strategic Priority Research Program of Chinese Academy of Sciences(A) (Y8XD373105) and the
Key Research Program of Frontier Sciences, CAS (ZDBS-LY-]JSC038).



- MEAE . — iRl TR Y LRI 22 2% 1 A S AR I AR T VR

639

BN R ARG B FAT A B S AP 2 MBS LILE SREHLFAEFO T ZHBERR
B— A L5 2 M A RA A0 R BER B AP Z M B Ao A2 F & A LT RERA SR
BALIE R B BAAFER N ENEADF T EBREFBHRGHFEmYT AT E B AT AR T EE
35 o B % 5% BR LR Bk KL R 0 R U L BT T kR RH R R R AT R kAR AL B AR T

PERE.

X FREMMEFERGKRE IR, TR HREEZT;ALIFR

REZESES TP311

ol an B A 9 5 1 Bk i i) A o
T eI — ER N R RE A 2 ki ) 2 —
U BE Tl 2 I 2% 1Y) R B o A T R R AL B LT R
Bl A AR A A I 5 B 0 IR T AR R
(R By AR AE AR P A il b B B 0T 50 3 52 AT A B
220 VF 202 3 e e Ak B R AL i P b I 4
BB ) Jr kAT 7 BER R 48 th T A D05 Jr
B U T ARG ROR AH RN R R e A AR iz AL
RAE 1 25 JRE P OE 1 L ME DA AL B AT 2 R Y 45 4 1 1)
RO L T 22 0 2% 1 AR Y AR UBIE 5 A A
B R TN TR C T R S S TRE K 5
PAT LTI AREA] 4 T 3T OH AR TE URA  k,

1) TR A i AR 89 7 vk T R DA
28 I 2 S 1 2 2] A 4 D A i Eh R 1 )1 4
il 7% 27 21 IO X A28 ) 2% B Jre Ab BB A it 1 45 AR
N A% 71 5 A MO i A 1 SOHE X A T ISR £
HEHRAE P 91 (10 B SCHE Iz AR e ) 22 PR E — /N
DSL(domain specific language) i 5 25 ] . H fE
Ak BRAR T E Y TR 45 A A )L L N 2 44 1 AR
DeepCoder™™ HAEALH [ & X —4~/N A DSL i
o BB 5 AT AN BT BA A BRI
J¥ 25K 1) AR P N RE AL B 43 3 I L Bk S A
Fe i A5 4 L PRI >0 15 1 AR AR A

2) T hRVE R T BT B A ) 1) 7 5% 7 1
Wi B 2 5 RV T A AT BB AR 1 38 2 AT B AR A
MBI HARTE DT s 2 LR — 2 4E 8 | — 25
% . DeepMind NPT J2 5 A 1% 36 M 1) AR S 52
Z— HAROR I B T2 AL RE )k s B B
TE A & [A) I 2% 8 380 4 A AT 8 e B 12 1 o
PEAR DR A U C O AE B T LA oK R
i A i AR 7 %o r 8 44 2% T S A0 2 L T 2
MR TE AT A2 v 2 o B i 22 I 2% 3R 5 53 Ab
NPT 2% A il i iy 32 A 2 — , Hoz A e ) B4R
A AR AL THEATY R 2 A BR 8 L X b 52 38 73 A7 35 40 A7
HARXT L.

3) F& AR PR A (4 O 6 AR AR W B bR
.2 > VRS BR AR v TR) B9 48 3 i 5 56 &R L AR T i
BRI 3t o i 72 U Y 9% O 1k 23 T i 4 R O
L 2 ) S BELAT IRASR B F R U BT
R I 2 2] 52 4% 5 [ o Rg i AR RR ) 1 5 S 0
P AR Y B TG 2E )  de AR T S T RLR
PRHFRSE , BB A AL BF BN 58 A A A I 2 R
I EANTE & B BUA BRI R 2] a7 ok T H Kk
. BAYOUM ™ 2 f B F M i AH X iF 52 22—, AR
SR T DA TR B 25 A R MR IE B 1Y Java VR AR ES
HEAE AR S ASRE PR TE AN FRAS 50 A 1 i) A A 1 1k
JE A IE A, R AR B R AR B 2 2 A (R A
AE BB M RRIRAT.

PRI, 5 4 MK 0T 3o 28 ) 2% , B — iy L) Y5 A0 65 bR
TE A xR AT 0 AR I 2 B A
PR R A S TR A 7 Jm B L G AR A R A
FE S o FH R — i OG0 BB 92 AL RE T L AR R
FEIF IE 1 Ab B 4G 2 PR P 254 3 S48 s . T LA 433l
JE VM R R BB AR U R Y RO TR E RS 2B
JIE 025 3 B 7 (26 — I =R FEAERE B0 ) L SR G o A
R A DAAL AT — 7 S5 A8 0 B AT AE 34 B R
B AT — 2 B 44 FE (AT 55 (L J2 3 S AR AR A iy % 3 >
e b B I 11 R A R AT 20 A A Ry ax A R TR Oy g AR
S AARARE 4 B IP X T AR IEF A ARk
P L 58 A ACHE i 5 ) 2% ) S 1 B2 T A RS AR R BB 4
BT RN E R BB B A G B CnTs 5t
APO A R R WA NS ) R R R R Y
BTG ) g AR 0 T I8 A R R AR L A
GRS Ao A A S DN A AT DY ON
WHR ST A S kgt eE S N T B R E
WSS IINZY =10 B = . S VO =3 A N A O S
PE APk SR  FRATTHR T an AT A #5 bl 5 1 2 TN 26
7 5L R A AR SEIR B B b

PR AR St — ol 2 R D3R 28 0 4% 45



640

HEHIR S AR 2021, 58(3)

It 34 (1 B X 4 2 95 X HNCP.HNCP J2& — i 5 2%
Ay CORT R gy S Aol P B 1) A 5 B 1 Rl 22 1)
LR SR R G R TR T AT TE — ol B A3 o 3]
Ui 0] 3 3B AT B0 B B g R T R Rl RO fUPL (diff-
erentiable virtual machine, dVM) .7 HNCP %
PR AR R OIS C g B i & e AR P AE
ZR H i 9 45 2 AR i I 2 B 2 ) (Rl gy

#define size 10
int a[size]={2,4,9,1,7,8,6,9,3,5};
void bubble (int pass, int ¢){
if (¢ =size—pass—1) return;
(RN R PP 4

0 AN N hAWN—

11
12 bubble(pass, c+1);
13}
14 | bubbleSort(){

15| int i=0; while(i<size—1) { bubble(i, 0); i++; }
16 |}
17 | bubbleSort();
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#define size 10

1
2 | int afsize]=1{2,4,9,1,7,8,6,9,3,5};
3 | void bubble (int pass, int ¢){
4 if (¢ =size—pass—1) return;
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12 bubble(pass, c+1);

)
14 | bubbleSort(){
15 int i=0; while (i<size—1) { bubble(i,0); i++; }

}
17 | bubbleSort();
(b) P M AT NECIEF A BT

Illustration of HNCP for automatic program generation
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Table 1 Instruction Set
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4 ik [DCiRS
CALL L RAZER kL (Pe+ D FIBE R ARG BE: 5] L. Pr<Pr+1;R[PrJ<Pc+1;Pc<L

RET R CALL 84 FECT. AR R 3R 1] d bk, 98 )5 Bk e B iz dk.  Pe<R[Pr1;Pr<Pr—1
GOTO L B3| L Pe<L
GOTOF L ;;i;;zhfrj”?;;fgxﬁi?&g?}ﬁé% BLLBMBATTE o o1 p 1= — False then Pe< L else Pe<Pe+13Ps< Ps—1

DO R LOOP ﬂ ENDDO Eﬂxd:&ﬁ%ﬁ@ﬂﬁﬁykﬂz S#ENZHH Pr<Pr+2; [Prl<S[Ps];Ps~Ps—1;R[Pr—1]«

R R.S B TR AE IR 1408, U T 18 BF o 35 L PR, S[Ps];Ps<Ps—1;NEXT

LOOP L R BRT(E 3 1,00 R AR T0U{E /N TR B Bk 4% 3 L, A W % R[PrJ<R[Pr]+1;

ENDLOOP
NEXT
INC
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SWAP
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if RLPr J<<R[Pgr—1] then Pc<L else Pc< Pc+1
Pr<Pgr—2;NEXT

Pe<Pe+1

S[Ps]<-S[Ps]+1;NEXT

S[Ps]<S[Ps]—1;NEXT
t<-S[Ps];S[Ps]<S[Ps—1];S[Ps—1]<t
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NEXT
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Fig. 3 The dVM architecture
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D function:run(S, ,Code ,steps)

@ §<~S,.,P.<~S.pc . LTRACE[];

@ LTRACE.append (S);

@ for (i=1;i<steps;i++)
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Weight ..~ Fetchlnst (P ,Code) ;

for (j =1;j<Code.size;j ++)
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Fig. 4 Step forward to get the next state
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{prog) : > =<decl_var){def_func>[ <(main)]
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Table 2 Summaries of Indexes of Program Generation Models
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0, At
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ENDLOOP<{Prx=P}S(2) ,NEXT}. (A39)
L (A37) ~ (A39) HH F do..loop Il while i ¥

A A3 52 R
HALT<{P.=P.}.
6 H=FHE<L
INC<{WRITE (READ (B ,Ps)S(1),Bg.Ps)}.

(A40)

(A41)
DEC<{WRITE (READ (Bs.Ps)S(1),By.,Ps)}.
(A42)

SWAP<{a=POPg.b=POPg.,
PUSH(b),PUSH(a)}. (A413)

MEB  dVM iz 47 AR R )

Kl Bl s il & IR BF A dVM E$AT b 2, i
FEREFEL RS PATIE dVM B (S, R) £ X A A
P 845 AL BT B Bl () S 1% R 1 R, 325
P A B 245 44 FIE 20 04 i ok 25008 FH AG) B, A 5 T 9 38
PRSI ) | pRIEIGR ] TG 4% 10 Bk A L)Y BRAT S A A
P S5 AL X SRR PP A5 R LA R IA R AP P
P8 4 B3 (one-hot) , S FII R 43 5] J2& 40 1% 14 3K 18
MR [l B N 25 48 1k, B A B2 3 AU L e St (8 208
B9 BT ARAL B F & B1(b) (o) i % 2 — AT
T 16 AT T 2 WAEH IG5 0 T & B1(b) i HE
JT7R s X F B Bl () IEHE IARAES , AT T 2 IR R 2K
JE R [ 2589 (CALL fRAFAE R B rf A9 3R 1] gtk 9
PR R B RET 2845, S0 80aR [ B 3) |, & 5 #0047
1 HLEE A I 220k,

MisR C  BNF i SCHL I i 52 B 4]
B C1 78 J2 i SCRIII ) — A~ SE B 4]
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S R
2, |,
2,0,|,
s 2,0,
1 GOTO 4 2 i g, >
l—//dcf_/‘(')u | ? 7
| DROP | , 12,09,
I
3 _ RET_ . |20,
4 | 2//for(i=0,i<2,) AT , 2,1,
50 5, [2.1,
6 | DO// for loop 5 (21,9,
- . |2.19,
8 : CALL I .21
9| _ LQOP 7//i++ . |22
10 ENDLOOP 1.
11 HALT 17 , ,
1 2 9 10 11
(a) =HlgsHp)T (b) PN (c) S&RH:

Fig. Bl

An illustration of program execution on dVM

Bl Bl dVM 2737 72 1 7R

Cstmt) ¢ 3 {printf(“5\\n”.) 5} [ * BRBUE LR « /

def_func>:i={id *("<parm) ‘)’ *{’ (decl_var) (stmt)> “} 7} ift SCHLI Ay 451)
{def_func)>::=id ¢ (’{curFuncName=id.name;var_count=0;} <{parm) ‘)’ [ * ¥ B 24§ oK 5 & Al Jsy 3028 A B0 Boss « /
‘{7 <decl_var) { printf(“ %s!1\\n”, {parm).name) ; } | * #R&AGH I WL R ES 5 « |

le{var_count=03} [ * 4 bR $OE AT A Jm B8 1 B B 0 DA T — > e BOE U] = /

Fig. C1

An implementation example of semantic rules

FC1 i SO 52 37 441

MR D FEFAT 5 R
ADD #1 SORT 1£:45 43 @& D1 #1118 D2 frows

int c=0,s,sum[10];
[ WEIMBLEL, p o 000k 04 7 &« /
int ll[zj:{471) ,rz[Z]:(S,E)} m=2,p=0;3 /* J:ﬁiwléfﬁ:»ﬁék/[&'%ﬂﬁé
b3 275 B CIRES) = /
int multiAdd O){
if (p==n){
return;
else
[ = B YISO e AT R =
(Y5 s=-encoder Cobserve (It[ plsrt[ plsc D) :transform (linear (30)) :
decoder (choose (051,2,3,4,5,6,7,8,9)) %>
(Y5 = encoder Cobserve (It [ plsrt [ psc)) s trans form (linear (10)) :
decoder (choose (0,1)) %> ;
.\‘um[ﬁ]:s;
pt++;
multiAdd () ;
}
}
multiAdd () ;

print (¢ ssum).

% define size 10
int alsize]=1{2,4,9,1,7,8,6,9,3,5}; [ * kAR b1k
X AR CIRAS) » [
void bubble (int pass int ¢){
if (c=size— pass—1)
return;
| = B YNSRI e /AT R = |
(Ysencoder Cobserve (al c+1].alc])) :trans form (tanh() ,
sigmoid () ,linear (6)) :decoder (choose (swap (alc+17,
alc])vnoop)) %> s
bubble (pass ,c+1);
}
bubbleSort O {
inti=0;
while(i <Tsize — 1) {
bubble (i ,0) ;
i+t

}
bubbleSort ().

Fig. D1 ADD for elementary multi digit addition

D1 2 L8 &5 ek

Fig. D2 SORT for bubblesort
F Dz BT



