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1. Introduction

#H : Autograd for Algebraic Expressions

Efr: AP RREX, MHESENTEN R REREA

WU XTENZEL, 25lHE BER: SRBTERX.
AR EHSLI T — N SRIRE N Bk SR, SR

o BEFF + -+ /2
o fEE: ()
o R GRENE

® Bonus H¥{: 1n, log, sin, cos, tan, pow, exp

1.1 ZEFREE
SEHERML, ARFENLE e
L SRS AR S % B

***@ubuntu-linux-2404:***/project2$ ./main

cos (sin(1ln (KFCv50)))

1

2 Please input an algebraic expression:

3

4  KFCv50: -sin(sin(In(KFCv50))) * cos(ln(KFCv50)) * 1 / KFCv50

2. PR (Bl AR AR B A NAERRENLZHE, divided by zero, IREZRAIDR, IREMEL
BIRE)

1 x/0

2  ==========Frror: division by zero.==s=s=======

3

4 hello(world)

5 ==========Frror: invalid function name "hello (world)".==========
6

7 4KFCv50

8§ ==========FError: invalid token name "4KFCv50".==========

3. XFZEM G IESiRE (BIUNES: -—-x. 2-(-B) F)o

1 Please input an algebraic expression:

- - —X

3 x: 1

4. FsAew (FRITE + 258N, Hith E b E AT,
(a) HEITE
(b) ZTCALN
(c) EARLTTALI
(d) FF=fef
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5. BRBUARM T “BIAME 08, Bk tan(x) RFPFEM sec () FHAMMEEL

1.2 Bonus

1.2.1 Not using complex containers provided in STL

1t stack.h HUENBEFIEHIRAVGEHATIRSCRE; £ stack. c FISKEX S
1.2.2  Support for expressions containing mathematical functions
FEWEE 1.4 #,

1.2.3 Simplify an algebraic expression to reduce the length of the result by
applying at least two rules.

TEWEE 1.5 &,

1.3 EIWRHEIRSS5RRERLS
fE infixToPostfix () M, MHTTHISGHLIRIF, HNLIES T2, JRDRN TR R

o WMEHEI—FRT AH) NZER, E—F/ WH) EE;
o SEMRRAL R /BT /HE,

BEfSfE buildTree () HHHX—Z5RITX 7!

o JHEXNN—MFET A
o MEXNMAERET AN minusFlag = 1,

1.4 EFERBRTER
HENE 22BN ES:

1. tan(A) -> sin(A) /cos (A7)
2. log(A,B) —> 1n(B)/1n(A)

3. pow(A,B) -> exp(B*1n(A))
R8RS A TGP TUREEFIN]: sin/cos/1n/exp o
HHRGFEREIY S XU P B i g

BB HEBUAR, HEEERD, XA ERER, B 7 RSEE S, X7 @
544,
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1.5 $RERRYMLTE

£ main.c WHALRETERE simplify () SEIT:

LW E: N+ - A /0 T NAREZRERITRESR;
2. N AZFTTA:
() 0+ A=A, A+0=A, A-0=A,
(b) A¥0=0, 0*A=0, 0/A=0, AT0=1, 0-A=-A
3. L B TR
A*1=A, 1*A=A, A/1=A, AT1=A
4. NIRRT -
AJA=1
5. FFE e LR :
(a) A-(-B)—>A+B
(b) A+ (-B) = A-B
() (1) ¥ A —-A
(d) A*(-1) = -A
(e) (-A)*(-B)—»A*B

1.6 HhRAELDIES

o FINIZEAHICPUR T 88 T A0 8 T E =
o H * F + EFFMAKNTRINES, KIvike s i
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2. Algorithm Specification

2.1 FEHIELEWN

2.1.1 #t
1. VIEAWEE L TreeNode , £ BuildTree.h kXHHENX:

1 typedef struct TreeNode *Tree;

2 struct TreeNode{

3 char op; /* operators :'+', '-', 'xrv /v _ov(v,

Ty, A

4 or 0 for numbers

5 or 'A' for variables

6 or '$' for functions */

7 int minusFlag; /* whether the operator is a unary minus */
38 char val[LENGTH + 57; /* valid when op == 0,

9 to store numbers or variables as strings */
10 Tree left;
11 Tree right;
12}

* op: ZRRA (W& /ZE/HE/IZER)
* val: HUEF/H, LEANFEH
® minusFlag : JERRIRT RS

e left/right: EAHFH

5

2.1.2 &

2. BEJEAMR stack, ff stack.h SKXfFHEX:

1  typedef struct StackNode *Stack;

2 struct StackNode {

3 void *data; /* Store value: TreeNode or ASCII of operator */

4 /* void*: generic pointer, which means it can
point to any type of data */

5 Stack next; /* Pointer to next node */

}i

AR, stack s RIS, WHALE s 45 NULL,

HEREL IR SN PRI 1B AT
JE SRR PR AE T E
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2.2 FEFZEMHARBSIHEA
2.2.1 HEk A PRHEHER

® Note

PREC XD E BN EERICH,
WA BIRPERAEERAA TR (SR, Bl BRTNES).
ot WNNVRYESRERIEN T,

BERop -> BHMTE>=opMIRIN, BHilop \i%
=EIEEARREERT I

1 OEFRERE:

2 R{ER R token —>

3 //RE . EX—FTEHE—BINTERNIE, EFESANTE.
4 / /BT EE AL R4 M I LU E

5 (> N

6 o> FERED (¢

8

2.2.2 Hix B: p@Em
® Note
R M E— BT RS, BB AR, AEERBUE S R RIAZ R IR,

A RERRIEATF A,
fnth: FIKFRRTI A

1 PA¥Epostfix:

2 EETER/RH/HF > WETSEANE, RcEE

3 BETEER > HRETFH. BT, AREAE

4 HERE >

5 /* log(A,B) = 1n(B) temp / 1ln(A) temp2 */
6 /* pow(A,B) = exp(B * 1In(A)) */

7 /* tan(A) = sin(A) / cos(A) */

8 BREFREE AR

o SEREERITNAMET =

2.2.3 HxC: #BRE

® Note
N FRIKRT E, k5L E,
i SEERIARAR T A,

FE > 0

TE > (BEBHNBEHREE 2 1 : 0)

+ = % /o~ > IRIEKRSENRS
1n/sin/cos/exp -> WIKS

Sw N
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2.2

4 HEED: 4R

@ Note

A FIRFHRT R
it (Rl e R RIRTURAR TS 5

1

o N

2.3

1.

2
3.
4

G :
FiEF, BRI
BEITE: X+ - < /0~ NARECZEERITRER,
Az I
0O +A=2A,A+0=27,A-20

A,

A*0=0,0*A=0,0/A=0,A"0=1,0-A-=
Iz AR A TR -
A*1=A,1*A=2A/1=2A2A"1=2
R R4S TR T -
A/ A=1

FFSAEHILE:

A - (-B) - A + B

A+ (-B) - A - B

(-1) * A - -A

A * (-1) - -A

(-A) * (-B) — A * B
BEABIRCUHBRERART R, RERERATN,

EMRR

cloneTree #HUUSHERY, WEGEMN S SEHZTT 5,

. equalTree ZfLLE, HTF a/a > 1,

minusFlag S—MSHIRIE, SEIEXD, FEZFEM-KF-LRHE-Ht,

. ERBURSERIE LRI R G AR,

-A
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3. Testing Results
3.1 MEAIFIR

e Rt macOS 26, Ubuntu 22.04, Windows 11 25H2 A5 IEH BT,
* Z5i¥: make LH (mac, Linux),

® Note
QR GE THASEEE Windows HRgwi%, IEMERIERANTIES:
1 gcc main.c BuildTree.c Stack.c -o main -lm
o BfT: MATAERIENX
3.2 AR (E@AshR)
3.2.1 T1: E#A0WN5FRRLKF
o HARIEN:
1 atbrc*d
o JHHFEBIHAE:

01

: c*b” (c-1)*d
: 1In(b) *b"c*d
: bhc

=Sw N
0 o o o

o RFFSChrfmi:

Please input an algebraic expression:
a: 1

b: b *c*c*1/b*d

c: b c * 1In(b) *d

d: b ~ ¢

g w N

o FMMEWH: c*b” (c-1)*d 5 brcre* (1/b) *d F, BFERE c*x1/b E—PEK c/b

3.2.2  T2: E#wll5ERKE
o HAKIEA:

1 a*l0*b+2%a/a

o WHFHIHIE:

a: 10*b-27a/a"2+2%a*1n(2)/a
b: a*10

o BRI
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Please input an algebraic expression:
*a -2 "~a) / (a* a)

[

a: 10 * b + (2 ~ a * 1n(2)

N

3 b: a * 10

o FMMMEWH: mIENRTE S EBEREEFN, RERARSEIHFE a2 B

3.23 T3: $FHEEL
o B AFIRI:

1 xx~2/xy*xy+a*a

o HEMEBIHIE:

a: a”a*(l+ln(a))
XX: 2*xXX

xy: 0
o R hrf:

Please input an algebraic expression:
(xx ~ 2 * 2 * 1 / xx * xy) / (Xy * xy)
(xy * xy) * xy + xx ~ 2 / xy

XX: * xRy

xy: —(xx ~ 2) /
~a * (ln(a) + a * 1 / a)

Sw N

a: a

FMHUH: aca* (In(a)+1) 5 ata*(1+ln(a)) F; =xx. xy KEREHEX/HEIENER
JEITIE AR sE 22k fAi

3.2.4 T4: S
o HAFRKIK:
1 x*1n(y)
o FEFPSEPREm T :

1 Please input an algebraic expression:

2 x: 1In(y)
3 0y x *1 /vy

o FHHMMEWM: x » 1 / v 5 x/y FM

3.2.5 T5: FH¥
o HIAFRIAR:

1 x*1ln(x*y)+y*cos (x)+y*sin (2*x)

o BFEERL:
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I

Please input an algebraic expression:
x: In(x * y) + x *y / (x *y) +y * -sin(x) + y * cos(2 * x) * 2
y: x * x / (x * y) + cos(x) + sin(2 * x)

w N

SRR 45 ESNES R, B RE TR R REITIT

3.2.6 T6: FH¥k

o HMIARIAR:

1 log(a,b)/log(c,a)
o FEFIbRHH:

1 Please input an algebraic expression:
b: ((1 / b * 1In(a)) / (In(a) * 1In(a)) * 1n(a) / 1ln(c)) / (ln(a) / 1ln(c)
* 1In(a) / 1n(c))

3 a:r ((=(ln(b) * 1 / a))
* (1 / a * 1ln(c)) / (ln

4 c: (-(In(b) / 1n(a) (
In(c) * 1n(a) / 1ln(c))

/ (1In(a) * 1ln(a)) * 1In(a) / 1ln(c) - 1In(b) / 1ln(a)
(c) * 1In(c))) / (In(a) / 1In(c) * 1In(a) / 1n(c))
(In(a) * 1 / ¢)) / (In(c) * 1In(c)))) / (In(a) /

*

FMMEEE: 59CESERSTIREAR —2; 8RB 2R Y aifb sl L iUE 5 2
3.2.7  JEAMEK

LM tan() MZERERZIA4)RE, sin() . cos()« exp() M 1n() FHRERIX10ZEPL
Es

3.3 kg

atbrerd @ B SREBIREN, ZRRERE—DHE,

. a*10*b+2%a/a @ WMIHSEEERSEN, BPRE 7 EENRIT

3. xx"2/xy*xytata : BBHA xx. xy WEWRBIVENER; a WERSHEOIEN, =x. xy
HIA T B AE I,

N =

4. x*1n(y) : TFEEE, < WEEHN 1n(y) , v SN x/v HENER
5. x*1n (x*y)+y*cos (x)+y*sin (2*x) : FERFEM, FEXTEN, =M ERECK S ER,
6. log(a,b)/log(c,a) : BFLAENSE 1og WEK 1n BIEHE, HH—KS.

REFp a] DAZE G H 2R 19 3 AR
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4. Analysis and Comments

4.1 HESEFRE
B ARIRKEKE N n, RIAXAWLE SEHN m, FREZENECH K,

1. SRS E — w44, FrANRIE 28 O(n),

XHE PR E, SN FRRZRAL SELR, T2 RE PSR TR,

2. HUESFRIRENE, 81 token Wi Etk, Htk—X, FTLANREIEZEHE O(n),

X BT 2R B A R BC R EHE R

3. NN ER TGN, AR R RS — 0B, RIS AL O(m),
Bl TIRE. BREA RIZEWIERIF, B DASEPRH b 8 i 7 R,

4. MRFIBEXEAR kMR, BRaoildgMEERS -k, FIERERERLZE O(km).
hEdd, TR, SNE-RK; MK, S0OkRSHsE,

5. ALTEREL simplify WJZIRIIEEMGN, RELEIRELN O(m)o
LRTSLEURCRENE R, BlE BT S, A+0 . A1 XRHN; FHERSMIREN2F/E
5,

6. MM treeToInfix [RIMEFRZEmIEEIRRG, BB IELD O(m),

4.2 FEERE

L RIEFMAFTE O(m) ZRl. BMSEMT, HE, LEMEEHES RN N — R,
2. ML IS SRR S R TR ERIMEITIX, ZE[RIZT O(n),

3. JBYAA PR IR TRIEFM S L h, PRI O(R), BIMEHL A PORILE] O(m).
4. SRR AESHR, BT DA 2 R 5 & TR RIS, ER S REUERERT

4.3 ARESo#

RREZAb:

o OIFFIZIUSEARGEIM I (W x*(1/x), 24 1/x BFRIE, RN,
Lstgak

INEIVNGSE (S - S WU IS LAt 3 v avs /e

2. PIREZMECOR, WRAR tan () o

3. AREER I,
(a) STEBREBHIR/JREOVE RN, RAEREAFRSANX (27) =na !, (a®) = a’lna;
(b) MEAHBUNBRELL e BI5H (185, L) ;
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5. Appendix: Source Code
IR 2990017,

project2fRAGZ5H

~

Stack.h Stack.c BuildTree.h BuildTree.c main.c

5.1 Stack.h
1 #ifndef STACK H
2 #define STACK H
3
4 typedef struct StackNode *Stack;
5
6 /* === BONUS== =*/
7 struct StackNode {
8 void *data; /* Store value: TreeNode or ASCII of operator
*/
9 /* void*: generic pointer, which means it can point to any type of
data */
10 Stack next; /* Pointer to next node */
11 };
12/~
13 top(s: dummy head node)
14 1
15 nodel - node2 - node3 - NULL
16 | */

17 Stack newStack (void) ;

18 wvoid freeStack (Stack s);

19 wvoid push(Stack s, void *data);
20 wvoid *pop (Stack s);

21 wvoid *top(Stack s);

22 int isEmpty(Stack s);

23
24 #endif
5.2 Stack.c
1 #include "Stack.h"
2 #include <stdlib.h>
3
4 Stack newStack (void) {
5 /* Create a new stack with a dummy head node. */
6 /* Dynamically allocate memory. */
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46

~ o O W N

Stack s = (Stack)malloc(sizeof (struct StackNode)) ;
s—->data = NULL;

s->next = NULL;

/*s: dummy head node*/

return s;

int isEmpty (Stack s) {
return s->next == NULL;

void freeStack (Stack s) {
while (!isEmpty(s)) pop(s);
free(s);

void push (Stack s, void *data) {
Stack newNode = (Stack)malloc (sizeof (struct StackNode)) :;
data;
/* Make the new node point to the current top node of the stack. */

newNode->data

/* Attach the original top node after the new node. */
newNode->next = s->next;

/* Update the dummy head node to point to the new node. */
s->next = newNode;

void *pop (Stack s) {
) exit(l); /* Exit if the stack is empty. */

/* Store the current top node of the stack in a temporary variable.

*/

Stack temp = s->next;

void *data

s->next = temp->next;

if (isEmpty (s)

temp->data;
free (temp) ;

return data;

void *top (Stack s) {
if (isEmpty(s)) exit(l); /* Exit if the stack is empty. */
return s->next->data;

BuildTree.h

#ifndef BUILD TREE H
#define BUILD TREE H

#define LENGTH 5000

#define NUMBER 500 /* maximum number of variables */

12
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8
9
10
11

12
13
14
15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

5.4

R O W 0 ~J o U > w N -

=

typedef struct TreeNode *Tree;

struct TreeNode(

char op; /* operators :'+', '=', 'xv v/v (v,

')"l/\l
or 0 for numbers

or 'A' for variables

or '$' for functions */

int minusFlag; /* whether the operator is a unary minus.
*/
char val[LENGTH + 5]; /* valid when op == 0, to store numbers or

variables as strings */
Tree left;
Tree right;

}i

int isLetterOrDigit (char c);

int isLetter (char c);

int priority(char c);

char *infixToPostfix (const char *s);

/* Build a syntax tree from a null-terminated expression string.
Tree buildTree (const char *s);/* Read only. */

/* Free tree */

void freeTree (Tree t);

/* Print tree. */

void printTree (Tree t, int level);

char *treeToInfix(Tree t, char *infix);

void findVariables (Tree t, char wvars[] [NUMBER], int *count);

#endif

BuildTree.c

#include "BuildTree.h"
#include "Stack.h"
#include <stdlib.h>
#include <string.h>
#include <stdio.h>

int isLetterOrDigit (char c) {
return (c >= '0' && ¢ <= '9") || (c >= 'a' && c <= 'z")
[l (¢ > '"A'" && c <= "'2") [| (c == " _");

*/

13
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12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

int isLetter (char c) {

return (c >= 'a' && c <= 'z") || (c >= 'A'" && c <= "'72") || (c ==
DK

int priority(char op) {

if(op == "+' || op == '-') return 1;
if(op == "'"*' || op == '/') return 2;
if(op == "*'") return 3;

/* if op is not a valid operator, return 0 */

return O;

char *infixToPostfix (const char *s) {

Stack n = newStack();

int length = strlen(s);

char *postfix = (char *)calloc(length + 100, sizeof (char));
//memset (postfix, 0, sizeof (char) * (length + 100));

/* Dynamically allocate memory. */

int index = 0, operationFlag = 1;
postfix[0] = "' ';
while (s[index] != "\0"){
/* Handle unary operators '-','+' */
while((s[index] == '-' || s[index] == "' ' || s[index] == '+'

&& operationFlag) {

/*Handle negative numbers or variables or functions. */

if(s[index] == '-') postfix[strlen(postfix)] = '-';
index++;
if (isLetterOrDigit (s[index])) operationFlag = 0;
}
/* If the character is '(', push it onto the stack. */
if(s[index] == "' ("){

push(n, (void *)é&s[index]);

operationFlag = 1;
//while (s [index] == ' ') ++index;
}
/* If the character is ')', pop elements from the stack
and add them to the output string until '(' is encountered.
else if (s[index] == ") ") {
while (!isEmpty(n) && * (char *)top(n) != '"("){
postfix[strlen (postfix)] = *(char *)pop(n);
postfix[strlen (postfix)] = "' ';
}
/* Pop the '(' from the stack. */
if (!isEmpty (n) && *(char *)top(n) == '(') pop(n);

)

*/

14



60

61
62
63
64
65

66
67
68
69
70
71
72
73
74

75
76

77

78

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

97

98
99

100
101

/* If the character is a number/letter, add it to the output

string. */
else if (isLetterOrDigit(s[index])) {
/* flag to indicate if there is a '(' in the token */
while (isLetterOrDigit (s[index]) | |s[index] == "'(") {
/* === BONUS== =
If there is a '(', it means the token is a function
name.
We need to delete the ' ' in the paren. */
/*inside a function parenthesis*/
if (s[index] == " (") {
int functionMode = 1, parenFlag = 0;
while (functionMode) {
if(s[index] == '(') parenFlag ++;
if(s[index] == "')') parenFlag --;
/* If parenFlag != 0, we are inside a function
parenthesis */
if (parenFlag == 0) functionMode = 0;
/* Remove spaces from the postfix expression,
this will benefit
buildTree () function, which will handle it as
a whole part */
if(s[index] != ' ') postfix[strlen(postfix)] =
s [index];
++index;
if (!functionMode) goto finish;
}
}
/*outside a function parenthesis*/
else({
postfix[strlen (postfix)] = s[index];
++index;
}
operationFlag = 0;
}
finish:
index--;

postfix[strlen (postfix)] = "' ';

/* If the character is an operator (priority != 0), pop

elements from the stack

and add them to the output string until a lower priority

operator is encountered. */

else if (priority(s[index])) {

while (!isEmpty (n) && (priority(*(char *)top(n)) >=

priority(s[index]))) {

postfix[strlen (postfix) ] *(char *)pop(n);

postfix[strlen (postfix)] = "' ';

15



102 }

103 push(n, (void *)é&s[index]);

104 operationFlag = 1;

105 /* if '-' next to an operator, it's a unary minus */

106 }

107 ++index;

108 }

109 /* Pop any remaining operators from the stack

110 and add them to the output string. */

111 while (!isEmpty (n)) {

112 postfix[strlen (postfix)] = *(char *)pop(n);

113 postfix[strlen(postfix)] = " ';

114 }

115 postfix[strlen(postfix)] = '\0';

116

117 return postfix;

118 '}

119

120 Tree buildTree (const char *s) {

121 char *postfix = infixToPostfix ((char *)s);

122 Stack n = newStack();

123 int index = 0;

124 while (postfix[index] != "\0"') {

125

126 if (isLetterOrDigit (postfix[index]) || (postfix[index] == '-"

&&

127 (index == |
postfix[index - 1] == "
') && postfix[index +
11 =" ")Nd

128 Tree node = (Tree)calloc(l, sizeof (struct TreeNode))

129 /* Initialize the val array to zero. */

130 //memset (node-> val, 0, LENGTH * sizeof (char));

131 while (postfix[index] == '-') node->minusFlag "= 1,

index++;
132 /* ~= 1: XOR with 1, that is: if A =0, A ~ 1 = 1; if A =
1, A"~ 1=0 */
133 /* For more than one minus sign, if the number of minus

signs is odd, the node is negative. */

134 int hasLetter = 0, isFunction = 0;

135 while (postfix[index] != " "){

136 if (isLetter (postfix[index])) hasLetter = 1;

137 /* is Function. */

138 if(postfix[index] == ' (') disFunction = 1;

139 //printf ("==== ==== ==Info: function detected.== ====
====\n") ; }

140 node->val[strlen (node->val)] = postfix[index];

141 ++index;

142 if (strlen (node->val) >= LENGTH - 1) {

143 printf ("==========Frror: token length exceeds

limit %d.==========\n", LENGTH);



144 exit (1)

145 }

146 }

147 /* Check if val is an invalid name. */

148 /* That 1is: 1f it 1s not a number, it must starts with a
letter or ' ' */

149 if (strlen (node->val) >= 2 && !islLetter (node->val[0]) &&
hasLetter) {

150 printf ("==========FError: invalid token name

\"%$s\".==========\n", node->val);

151 exit (1);

152 }

153 index--;

154

155 /* To distinguish between variables and numbers and

Functions. */

156 if (isFunction) node->op = 'S$';

157 else if (hasLetter) node->op = 'A';

158 else node->op = 0;

159 node->left = NULL;

160 node->right = NULL;

161

162

163 /*==== = BOUNS ==== =%/

164 if (node->op == 'S"'"){

165 //printf ("==== ==== ==Info: function \"%s \"
detected.== ==== ====\n", node-> val);

166 /* If it's a function, we need to build a subtree for

the function arguments. */

167 /* Dynamically allocate memory. */
168 char *temp = (char *)calloc (LENGTH + 100,
sizeof (char));
169 char *temp2 = (char *)calloc(LENGTH + 100,
sizeof (char));
170 /* Remove the function name and the parentheses.
171 Build the subtree for the function arguments. */
172
173 /* For double variable functions, we need to change

them to single
174 variable functions to make the autograd easier to

implement. */

175 /* log (A, B) = 1n(B) temp / 1ln(A) temp2 */

176 if (strncmp (node->val, "log(", 4) == 0){

177 /* change "log (A, B)" to "lIn(A)" */

178 /* strcpy(offset = 1): "og (A, B)-> 1In(A, B)"*/
179 if (node->minusFlag) strcat (temp2, "-");

180 strcat (temp, "1In(");

181 strcat (temp, node->val + 4);

182

183 int nodeIndex = 0, parenFlag = 0;

184 for(int 1 = 0; temp[i] != '"\0'; ++1){



185
186
187

188
189
190
191
192
193
194
195

196
197
198
199
200
201
202
203
204
205
206
207

208

209
210
211
212
213
214
215
216
217
218

219

220
221

222
223
224
225
226
2277
228

if (temp[i] == ' (")
if (temp[i] == ") ")
/* If parenFlag ==

parenFlag+t++;
parenFlag--;
1 and temp [i] == "',', we

find the separator of the two variables. */

if (parenFlag == 1 && temp[i] == "', ") {

/*1n (A, B)-> 1ln(A)*/
temp[i] = ")', templ[i
nodeIndex = i + 1;
break;

}

+ 1] = "\0';

/* strcat: separate the two variables, temp:

In(A), temp2: 1ln(B) */
strcat (temp2, "1In(");

strcat (temp2, node->val + nodelIndex + 1);

//printf ("temp: %$s\n", temp);
//printf ("temp2: %s\n", temp2

node->op = '/';
node->minusFlag = 0;
node->left = buildTree (temp2)
node->right = buildTree (temp)

/* For double variable functions,
them to single

) ;

’

’

we need to change

variable functions to make the autograd easier to

implement. */

/* pow(A, B) = exp(B * 1n(A)) */
else if (strncmp (node->val, "pow (", 4) == 0){
/* change "pow (A, B)" to " exp(B*1In(A))" */
/* temp: 1n(A)*(B) */
int parenFlag = 0;
strcpy (temp, node->val + 1);
for(int 1 = 0; temp[i] != "\0'; ++1){
if(temp[i] == '(') parenFlag++;
if(temp[i] == ')') parenFlag--;
/* If parenFlag == 1 and temp [i] == "',', we
find the separator of the two variables. */
if (parenFlag == 1 && temp[i] == ', ") {
temp[0] = '1', temp[l] = 'n';
temp([i] = ")', temp[i + 1] = '"*', temp[i
21 = "(';

strcpy(temp + 1 + 3,
break;

}
strcpy (node->val, "exp");
node->left = buildTree (temp) ;

node->val + 1 + 2);

18



229

230 /* single variable functions */

231 else if (strncmp (node->val, "cos (", 4) == 0){

232 strcpy (temp, node->val + 3);

233 strcpy (node->val, "cos");

234 node->left = buildTree (temp) ;

235 }

236 else if (strncmp (node->val, "sin(", 4) == 0){

237 strcpy (temp, node->val + 3);

238 strcpy (node->val, "sin");

239 node->left = buildTree (temp) ;

240 }

241 /* tan(A) = sin(A) / cos(A) */

242 /* We need to change "tan" to "sin" and "cos" in case

243 other functions like "cot", "sec" or "csc" are used.
*/

244 else if (strncmp (node->val, "tan(", 4) == 0){

245 strcpy (temp, node->val + 3);

246 node->op = '/';

247 /* create left child: sin(...) */

248 node->left = (Tree)calloc(l, sizeof (struct

TreeNode) ) ;

249 node->left->op = '$"';

250 strcpy (node->left->val, "sin");

251 node->left->left = buildTree (temp) ;

252

253 /* create right child: cos(...) */

254 node->right = (Tree)calloc(l, sizeof (struct

TreeNode) ) ;

255 node->right->op = '$';

256 strcpy (node->right->val, "cos");

257 node->right->left = buildTree (temp) ;

258 }

259 else if (strncmp (node->val, "exp (", 4) == 0){

260 strcpy (temp, node->val + 3);

261 strcpy (node->val, "exp");

262 node->left = buildTree (temp) ;

263 }

264 else if (strncmp (node->val, "1In (", 3) == 0) {

265 strcpy (temp, node->val + 2);

266 strcpy (node->val, "1n");

267 node->left = buildTree (temp) ;

268 t

269 else{

270 printf ("==========Frror: invalid function name
\"%s\".==========\n", node->val);

271 exit (1);

272 }

273 }

274 /* RAbove functions fall into 4 categories: sin, cos, 1n,

exp */



275
276
277
278
279
280
281
282
283
284
285
286

287

288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

}
/*

push(n, (void *)node);

If the character is an operator (priority != 0) */

else if (priority (postfix[index])) {

}

Tree node = (Tree)calloc(l, sizeof (struct TreeNode)) ;
node->op = postfix[index];
/* Pop right subtree first.

'-' and '/' are non-commutative */

node->right = (Tree)pop(n);
node->left = (Tree)pop(n);
if (node->op == '/' && node->right->op == 0 && strcmp (node-
>right->val, "0") == 0) {
printf ("==========FError: division by
zero.==========\n")
exit (1) ;

push(n, (void *)node);
/* Take "5 - 3" as an example:

5(L) 3(R)
*/

++index;

}

return

(Tree)pop (n) ;

void freeTree (Tree t) {

/* Post-order traversal */

if(lt)

return;

if (t->left) freeTree (t->left);
if (t->right) freeTree (t->right);
free(t);

void printTree (Tree t, int level) {

/*=== test only, unused in main() function== =*/

/* graphical representation of the tree */

if(lt)

return;

printTree (t->1left, level + 1);
for (int i = 0; 1 < level; ++i) printf (" ") ;

/* Print the operator, but not functions.*/
if(t->op && t->op != '$' && t->op != 'A') {
if (t->minusFlag) printf ("-");

printf ("%c\n", t->op);

}

/* Print the value or function name. */

else{

if (t->minusFlag) printf("-");

printf ("%$s\n", t->val);

20



324
325
326
327
328
329

330
331
332
333
334
335
336
337
338

339
340
341
342
343
344
345
346

347
348
349
350
351

352
353
354
355
356
357

358

359
360
361
362
363
364
365
366
367
368

}
printTree (t->right, level + 1);

char *treeToInfix (Tree t, char *infix) {

/* Convert the syntax tree back to infix expression. Used for
output. */
if(!'t]|'!'infix) return NULL;
/* If it's a leaf node, add the value to the infix string. */
if(t->o0p == 0 || t->op == '"A"){
if (t->minusFlag) strcat(infix, "-");
strcat (infix, t->val);
return infix;
}
else 1if(t->op == "'$"){
/* If it's a function node, add the function name and the
parentheses to the infix string. */
if (t->minusFlag) strcat (infix, "-");
strcat (infix, t->val);
strcat (infix, "(");
treeToInfix (t->left, infix);
strcat (infix, ")");
return infix;
}
/* If it's an operator node, add parentheses and the operator to
the infix string. */

else(
if (t->minusFlag) strcat (infix, "-(");
char opstr[2] = { t->op, '\0' };

//IIREFREEFRARBTRNEFTIHTR, WEBMES

//* and + EFEFMARNLTEMES, BRNBERIRE, - M / ERAFMRTR
REENNES, RARBRIMRE

/*

Parentheses needed if left subtree precedence <= current node.
* & + need no parentheses at equal precedence (commutative);

- & / require parentheses (non-commutative).

*/
if ((priority(t->op) >= priority(t->left->op)) && priority(t-
>left->op) != 0
&& '(((t->op == "+' || t->o0p == '*') && priority(t->op) ==
priority (t->left->op)) || t->left->op == '$")){

strcat (infix, "(");
treeToInfix (t->left, infix);
strcat (infix, ")");

}

else treeTolInfix(t->left, infix);

/* inorder traversal */

strcat (infix, " ");

strcat (infix, opstr);

strcat (infix, " ");

21



369

370

371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395

(934

.

(34
w o s W N R

e e I R R e S R e e
O 0 J o U W NP O W

if ((priority(t->op) >= priority(t->right->op)) && priority (t-
1=

>right->op) 0
&& '(((t->o0p == "+' || t->op == '*') && priority (t->op)
priority(t->right->op)) || t->right->op == '$")){
strcat (infix, " (");

treeToInfix (t->right, infix);
strcat (infix, ")");
}
else treeToInfix (t->right, infix);
if (t->minusFlag) strcat (infix, "™)");

return infix;

voilid findVariables (Tree t, char wvars|[] [NUMBER], int *count) {
if(!'t) return;
if(t->op == 'A'"){
/* Check if the variable is already in the array. */
for(int 1 = 0; 1 < *count; ++1i) {
if(strcmp (vars[i], t->val) == 0) return;
}
/* If not, add it to the array. */
strcpy(vars[*count], t->val);
(*count) ++;
}
findVariables (t->left, wvars, count);
findvariables (t->right, wvars, count);

return;

main.c

#include "BuildTree.h"
#include "Stack.h"
#include <stdlib.h>
#include <string.h>
#include <stdio.h>
#include <math.h>

#define MAXLEN 5000

Tree cloneTree (Tree src) {
if(!src) return NULL;
Tree n = (Tree)calloc(l, sizeof (struct TreeNode)) ;
/* preorder traversal */
n->op = src->o0p;
n->minusFlag = src->minusFlag;
strcpy(n->val, src->val);
n->left = cloneTree(src—->left);
n->right = cloneTree(src->right);

return n;
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20 |}

21

22 int equalTree (Tree a, Tree Db){

23 if(!la && !'b) return 1;

24 if(l'a || !'b) return 0;

25 if(a->op != b->op) return O0;

26 if (strcmp (a->val, b->val) != 0) return O;

27 /* preorder traversal */

28 return equalTree (a->left, b->left) && equalTree (a->right, b-
>right);

29 |}

30

31 /* Build a new tree. */
32 Tree autoGrad(Tree t, char *var) {

33 if(!t) return NULL;

34 Tree a = (Tree)calloc(l, sizeof(struct TreeNode)) ;
35 a->left = NULL;

36 a->right = NULL;

37 a->minusFlag = t->minusFlag;

38 a->op = 0;

39 /*

40 (A + B)' = A' + B'

41 (A - B)' = A" - B'

42 (A * BY' = A' * B + A * B'

43 (A / B)' = (A" *B - A *B') / (B * B)
44 (A B)'=A "B * (B'" * In(A) + B * A" / A)
45 (f(An))' = £'(a) * AT

46 */

47 /* ==== = leaf node ==== = */

48 /* if t is a number */

49 if (t->op == 0) {

50 /* constant C' = 0 */

51 strcpy (a->val, "0");

52 a->op = 0;

53 a->minusFlag = 0;

54 }

55 /* if t is a variable */

56 else if (t->op == 'A'"){

57 /* variable A' = 1 if we are differentiating A,
58 otherwise A' = 0 */

59 if (strcmp (t->val, var) == 0) {

60 a->op = 0;

61 strcpy(a->val, "1");

62 }

63 else{

64 a->op = 0;

65 strcpy (a->val, "0");

66 a->minusFlag = 0;

67 }

68 }

69 /* ==== = non-leaf node ==== = */



70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

else if (t-—>op == '"+"){
/* (A + B)' = A' + B' */
a->op = '+';

}

a->left = autoGrad(t->left, wvar);
a->right = autoGrad(t->right, wvar);

else if (t->o0p == "'-"){
/* (A—B)'=A'—B' */
a->op = '-';

}

a->left = autoGrad(t->left, var);
a->right = autoGrad(t->right, wvar);

else if(t->op == "*"){
/* (A * B)' = A' * B + A * B' */
a->op = '+';
Tree leftMul = (Tree)calloc(l, sizeof (struct TreeNode)) ;
leftMul->o0p = '*';

}

leftMul->left = autoGrad(t->left, wvar):;

leftMul->right = cloneTree(t->right);

Tree rightMul = (Tree)calloc(l, sizeof (struct TreeNode)) ;
rightMul->op = '*';

rightMul->left = cloneTree (t->left);

rightMul->right = autoGrad(t->right, var);

a->left = leftMul;

a->right = rightMul;

else if (t->op == "'/"){
/* (A / B)' = (A" *B-A*B"') / (B *B) */
a->op = '/"';
/* numerator: "73F"; denominator: "JHE" */
Tree numerator = (Tree)calloc(l, sizeof (struct TreeNode))

}
/*

numerator->op = '-';

Tree leftMul = (Tree)calloc(l, sizeof (struct TreeNode)) ;
leftMul->o0p = '"*';

leftMul->left = autoGrad(t->left, wvar):;

leftMul->right = cloneTree (t->right);

Tree rightMul = (Tree)calloc(l, sizeof (struct TreeNode)) ;
rightMul->op = '*';

rightMul->left = cloneTree (t->left);

rightMul->right = autoGrad(t->right, var);
numerator->left = leftMul;

numerator->right = rightMul;

Tree denominator = (Tree)calloc(l, sizeof (struct TreeNode)) ;
denominator->op = '*';

denominator->left = cloneTree (t->right);

denominator->right = cloneTree (t->right);
a->left = numerator;
a->right = denominator;

(A~ B)' =A ~ B * (B' * 1n(A) + B * A' / p) */

else if (t->o0p == """){
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

165
166
167
168
169
170

a->op = '*';

/* A~ B */

Tree exp = (Tree)calloc(l, sizeof (struct TreeNode));
exp->op = '*';

exp->left = cloneTree (t->1left);

exp->right = cloneTree (t->right);

/* 1n(A) */

Tree logA = (Tree)calloc(l, sizeof (struct TreeNode)) ;
logA->o0p = '$';

strcpy (logA->val, "1n");

logA->left = cloneTree(t->left);

/* A' */

Tree Agrad = autoGrad(t->left, var);

/* B' */

Tree Bgrad = autoGrad(t->right, wvar);

/* B' * 1In(A) */

Tree BmulLogA = (Tree)calloc(l, sizeof (struct TreeNode));
BmulLogA->op = '*';

BmulLogA->left = Bgrad;

BmulLogA->right = logA;

/* A" / A */

Tree AdivA = (Tree)calloc(l, sizeof(struct TreeNode)) ;
AdivA->op = '/';

AdivA->left = Agrad;

AdivA->right = cloneTree (t->left);

/* B * (A" / B) */

Tree BmulAdivA = (Tree)calloc(l, sizeof (struct TreeNode)) ;
BmulAdivA->op = '*';

BmulAdivA->left = cloneTree (t->right);

BmulAdivA->right = AdivA;

Tree sum = (Tree)calloc(l, sizeof (struct TreeNode)):;
sum->op = '+';

sum->left = BmulLogA;

sum->right = BmulAdivA;

a->left = exp;

a->right = sum;
}
else if (t->o0p == '$"){
/* In buildTree () function, functions fall into 4 categories:

sin, cos, 1ln, exp.

So we only need to handle these 4 cases. */

/* 1In(A)' = A" / A */
if(strcmp (t->val, "1n") == 0){
a->op = '/';

Tree Agrad = autoGrad(t->left, var);
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171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

a->left = Agrad;
a->right = cloneTree (t->lef

t);

/* sin(A)' = cos(A) * A' */

else if (strcmp(t->val, "sin") == 0) {
a->op = '*';
Tree cos = (Tree)calloc(l, sizeof (struct TreeNode)):;
cos->op = '$';

strcpy (cos->val, "cos");

cos—->left = cloneTree(t->1le
cos->right = NULL;
a->left = cos;

a->right = autoGrad(t->left

ft);

, var);

/* cos(A)' = -sin(A) * A' */

else if (strcmp(t->val, "cos") == 0) {
a->op = '*';
Tree sin = (Tree)calloc(l, sizeof (struct TreeNode)) :;
sin->op = '$';

strcpy(sin->val, "sin");
sin->left = cloneTree (t->1le
sin->right = NULL;

ft);

/* Use minusFlag to represent -sin(A), instead of 0-

sin(a). */

sin->minusFlag = 1;

a->left = sin;

a->right = autoGrad(t->left

, var);

/* exp(A)' = exp(A) * A' */

else if (strcmp(t->val, "exp") == 0) {
a->op = '*';
a->left = cloneTree(t);

Tree Agrad = autoGrad(t->le
a->right = Agrad;

}

return a;

/* Change directly on the original tree.

Tree simplify(Tree t) {

if(!'t) return NULL;
t->left = simplify(t->1left);
t->right = simplify(t->right);

/* "+ — * /" on numbers */

ft, wvar);

*/
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220
221
222
223
224
225
226
2277
228
229
230

231
232
233
234
235
236
237
238
239
240
241

242
243
244
245
246
247

248
249
250
251
252
253

254

255

256
257
258
259
260
261

if((t->op == "+' || t->op == "'-' || t->op == "*' || t->op == "/'
|| t->o0p == ""'") && t->left && t->left->op == 0 && t->right && t-
>right->op == 0) {

/* Both number, then directly compute it. */

int leftvVal = atoi(t->left->val);

int rightval = atoi(t->right->val);

if(t->left->minusFlag) leftvVal = -leftVal;
if(t->right->minus¥Flag) rightval = -rightvVval;
int tmp = 0;

if(t->o0p == "+') tmp = leftvVal + rightval;

else if(t->op == '-') tmp = leftVal - rightval;
else if(t->op == '"*') tmp = leftVal * rightval;
else if(t->op == '/') tmp = leftvVal / rightval;

/* division by zero is already detected & handled in the

buildTree function */

else if(t->op == ""'") tmp = (int)pow(leftVal, rightval);
t->op = 0;

t->minusFlag = (tmp < 0);

if(tmp < 0) tmp = -tmp;

sprintf (t->val, "%d", tmp);

free(t->left);

free (t->right);

t->left = NULL;

t->right = NULL;
}
if(t->op == "+' && t->left && t->right && t->left->op == 0 &&
strcmp (t->left->val, "0") == 0) {

/* 0+ A =247 */

Tree temp = t->right;

free(t);

t = temp;
}
if((t->o0p == "+' || t->o0p == '-') && t->right && t->left && t-
>right->op == 0 && strcmp (t->right->val, "0") == 0) {

/* A+ 0=A, A-0=21A*/
Tree temp = t->left;

free(t);
t = temp;
}
if((t->o0p == "*' && t->right && t->right->op == 0 && strcmp (t-
>right->val, "0") == 0) ||
(t=->o0p == "*' && t->left && t->left->op == 0 && strcmp (t-
>left->val, "0") == 0) ||
(t->op == '/' && t->left && t->left->op == 0 && strcmp (t-
>left->val, "0") == 0)){
/* A *0=0, 0*A=0,0/Aa=20*/
t->op = 0;

t->minusFlag = 0;
strcpy (t->val, "0");
freeTree (t->left);
freeTree (t->right) ;
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265
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267
268
269
270
271

272
273
274
275
276
277

278
279
280
281
282
283

284
285
286
287
288
289

290
291
292
293
294
295
296
297
298

299
300
301
302
303
304
305
306

t->left = NULL;
t->right = NULL;
}
if(t->o0p == "*' && t->right && t->right->op
>minusFlag && strcmp (t->right->val, "1") ==
/* A * 1 =17 */
Tree temp = t->left;

== 0 && !'t->right
0) {

free(t);

t = temp;
}
if(t->op == "*' && t->left && t->left->op == 0 && !t->left-
>minusFlag && strcmp (t->left->val, "1") == 0) {

/* 1 * A=A */
Tree temp = t->right;
free(t);
t = temp;
}
if (t->op == '/' && t->right && t->right->op
>minusFlag && strcmp (t->right->val, "1") ==
/* A/ 1 =1 %*/
Tree temp = t->left;
free(t);
t = temp;
}
if(t->op == """ && t->right && t->right->op
>minusFlag && strcmp (t->right->val, "1") ==
/* A~ 1 =17 */
Tree temp = t->left;

free(t);

t = temp;
}
if(t->op == """ && t->right && t->right->op
>right->val, "0") == 0){

/* A~ 0 =1 %/

t->op = 0;

strcpy (t->val, "1");
freeTree (t->left);
freeTree (t->right) ;
t->left = NULL;
t->right NULL;

}

—= 0 && !t->right
0){

== 0 && !'t->right
0) {

== 0 && strcmp (t-

if(t->op == '/' && t->left && t->right && equalTree (t->left,

>right)) {
/* A/ A = 1%/
t->op = 0;
strcpy (t->val, "1");
freeTree (t->left);
freeTree (t->right) ;
t->left = NULL;
t->right = NULL;

t_
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
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330
331
332

333
334
335

336
337
338
339
340

341
342
343
344
345
346
347
348
349
350
351
352

int

if(t->o0p == "' && t->left && t->left->op == 0 && strcmp(t->left-
>val, "0") == 0){

/* 0 - A = -A */

freeTree (t->left) ;

t = t->right;

t->minusFlag = !t->minusFlag;

}

if(t->o0p == '-' && t->right->minusFlag) {
/* Change "A - (-B)" to "A + B" */
t->op = '+';

t->right->minusFlag = 0;

if(t->op == "+' && t->right->minusFlag) {
/* Change "A + (-B)" to "A - B" */
t->o0p = '-'";
t->right->minusFlag = 0;

if(t->op == "*' && t->left && t->left->minusFlag && t->left->op ==
0 && strcmp (t->left->val, "1") == 0){
/* Change " (-1) * A " to "-A " */

freeTree (t->1left);

int originalMinusFlag = t->minusFlag;

t = t->right;

t->minusFlag = t->minusFlag ~ originalMinusFlag "~ 1;/* toggle
the minusFlag */

if(t->op == '"*' && t->right && t->right->minusFlag && t->right->op
== 0 && strcmp(t->right->val, "1") == 0) {

/* Change " A * (-1)" to "-A " */

freeTree (t->right);

int originalMinusFlag = t->minusFlag;

t = t->left;

t->minusFlag = t->minusFlag

A

originalMinusFlag ©~ 1;/* toggle
the minusFlag */

if(t->op == '*' && t->left->minusFlag && t->right->minusFlag) {
/* Change " (-A) * (-B)" to "™ A * B" */
t->left->minusFlag = 0;
t->right->minusFlag = 0;

}

return t;

test () {
/*
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402

//=== test only, unused in main() function == =

char s [500] =" a+b”c*d ";

char *autograd = (char *)malloc (500 * sizeof (char));
memset (autograd, 0, strlen(autograd) *sizeof (char));
char *simp infix = (char *)malloc (500 * sizeof (char))

memset (simp infix, 0, strlen(simp infix) *sizeof (char));

Tree t = buildTree(s);

printTree(t, 0);

printf ("==== ==== ==Autograd Tree== ==== ====\n");
char var [] = "x
Tree grad = autoGrad(t, var);
printTree (grad, 0);

treeToInfix (grad, autograd, 0);

printf ("==== ==== ==Simplified Autograd Tree== ==== ====

Tree simp tree = simplify(grad);
printTree (simp tree, 0);

treeTolInfix (simp tree, simp infix, 0);

A}

printf ("Original expression:\n");

(
printf ("$s\n", s);

printf ("Autograd expression:\n");

printf ("%$s\n", autograd) ;

printf ("Simplified autograd expression:\n");
printf ("$s\n", simp infix);

freeTree (t) ;

//freeTree (grad) ;

free (autograd) ;

free (simp infix);

*/

return 0O;

== = Autograd for Algebraic Expressions ==== =*/

main () {

char s[MAXLEN]={};

/* MAXLEN: maximum length of the input,
NUMBER: maximum length of variables. */

char variable[50] [NUMBER] = {};

int varCount = 0;

printf ("Please input an algebraic expression:\n");
fgets (s, MAXLEN, stdin);

Tree t = buildTree(s);/* build the expression tree */
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409
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412

413
414
415
416
417
418
419
420
421
422

findvVariables (t, variable, &varCount);/* find all variables in the
expression */

for(int 1 = 0; 1 < wvarCount; ++1i) {

Tree grad = autoGrad(t, variable[i]);/* autograd each variable
respectively */

//printTree (grad, 0);/* print the autograd tree for testing

only, can be removed in the final version. */

Tree simp = simplify(grad);/* simplify the autograd tree */
char *out = (char *)calloc (MAXLEN, sizeof (char));

//memset (out, 0, MAXLEN * sizeof (char)):;

treeToInfix (simp, out);/* convert the simplified autograd tree
to infix notation */

printf ("%$s: %s\n", variable[i], out);

//printf ("the location of out in memory: %p\n", (void *)out);
free (out);

freeTree (simp) ;

freeTree (t) ;

return 0;

Declaration

I hereby declare that all the work done in this project titled Autograd for Algebraic

Expressions is of my independent effort.
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