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Recap & reminders
• Reminders

• Quizzes resume week after next (last one!)

• Final exam study material posted on the Course Website

• Programming competition

• May 01 at 7.00 pm in ECEB 1013

• Bring your own internet connected device. 
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More practice? Okey doke!
• Practicing on linked lists:

• Stanford’s Linked List Question Bank

• Practicing on trees:

• Stanford’s Binary Tree Question Bank (jump to section 2)

• Advanced material: Trees List Recursion
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http://cslibrary.stanford.edu/105/LinkedListProblems.pdf
http://cslibrary.stanford.edu/110/BinaryTrees.pdf
http://cslibrary.stanford.edu/109/TreeListRecursion.pdf
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;

int main(){
node N3, N2, N1; 
N1.symbol = ‘E’
N2.symbol = ‘C’
N3.symbol = ‘E’

N1.next = &N2; 
N2.next = &N3;
N3.next = NULL;

}

Address Value Symbol

x6000 E N1.symbol

x6001 x6002 N1.next

x6002 C N2.symbol

x6003 x6004 N2.next

x6004 E N3.symbol

x6005 NULL N3.next

N1

N2

N3
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}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
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}
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typedef struct Node{
    char symbol;
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    /* List empty; do nothing */ 
    return;
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  }
}

.ORIG x3000

MAIN
  LD R5, RSTACK
  LD R6, RSTACK
  LD R0, HEAD
  STR R0, R6, #0 ; push argument onto stack
  ADD R6, R6, #-1
  JSR PRINT_LIST
  ADD R6, R6, #2 ; caller teardown (pop retval & args)
  HALT

HEAD .FILL x4004
RSTACK .FILL x7000
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}

.ORIG x3000

MAIN
  LD R5, RSTACK
  LD R6, RSTACK
  LD R0, HEAD
  STR R0, R6, #0 ; push argument onto stack
  ADD R6, R6, #-1
  JSR PRINT_LIST
  ADD R6, R6, #2 ; caller teardown (pop retval & args)
  HALT

HEAD .FILL x4004
RSTACK .FILL x7000

What is at memory location x4004? 
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…
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Runtime stack

Printing a linked list
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}

.ORIG x3000

MAIN
  LD R5, RSTACK
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… … …

Head pointer 
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  else{
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  }
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  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}

.ORIG x3000

MAIN
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    return;
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  }
}
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
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 69 x0045
x4009
 16394 x400A
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x400B
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 50 x0032
x400D
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… … …

R5

R6

Head 

Ret Val
Ret Addr

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
STR R5, R6, #0 ;push caller frame pointer
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…
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 50 x0032
x400D
 16398 x400E
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 48 x0030

… … …

R5

R6

Head 

Ret Val
Ret Addr

CFP

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
STR R5, R6, #0 ;push caller frame pointer
ADD R5, R6, #-1 ;set new frame pointer
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x6FFD
x6FFE
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Runtime stack

Printing a linked list
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 16394 x400A
x400A 50 x0032
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 48 x0030

… … …

R5
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
STR R5, R6, #0 ;push caller frame pointer
ADD R5, R6, #-1 ;set new frame pointer

;
;;Part 2 - implement function logic
;
;if(cursor == NULL) skip to the end;
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Ret Val
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typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
STR R5, R6, #0 ;push caller frame pointer
ADD R5, R6, #-1 ;set new frame pointer

;
;;Part 2 - implement function logic
;
;if(cursor == NULL) skip to the end;

LDR R1, R5, #4 ;load head to R1

11

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD
x6FFE
x6FFF
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

Ret Val
Ret Addr

CFP

R0 R1
x4004

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up

ADD R6, R6, #-1 ;make space for return value
STR R7, R6, #0 ;push return addr to stack
ADD R6, R6, #-1
STR R5, R6, #0 ;push caller frame pointer
ADD R5, R6, #-1 ;set new frame pointer

;
;;Part 2 - implement function logic
;
;if(cursor == NULL) skip to the end;

LDR R1, R5, #4 ;load head to R1
BRz TEAR_DOWN ;if head null, nothing to do

;

11

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD
x6FFE
x6FFF
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

Ret Val
Ret Addr

CFP

R0 R1
x4004

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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PRINT_LIST
;;Part 1 - callee build up 
  ADD R6, R6, #-1    ;make space for return value
  STR R7, R6, #0   ;push return addr to stack
  ADD R6, R6, #-1
  STR R5, R6, #0  ;push caller frame pointer 
  ADD R5, R6, #-1  ;set new frame pointer
;
;;Part 2 - implement function logic
;
;if(cursor == NULL) skip to the end;
  LDR R1, R5, #4 ;load head to R1
  BRz TEAR_DOWN     ;if head null, nothing to do
;
;else printf("%c", cursor->symbol);
  LDR R0, R1, #0 ;load cursor->symbol to R0
  OUT

11

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD
x6FFE
x6FFF
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

Ret Val
Ret Addr

CFP

R0 R1
x400469

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
x400469

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
x400469

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5 R6
Head 

R0 R1
69 x4006

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5 R6
Head 

R0 R1
69 x4006

x4006

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5 R6
Head 

R0 R1
69 x4006

x4006
Ret Val

Ret Addr
CFP

x4008
Ret Val

Ret Addr
…

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6Head 

R0 R1
69 x4006

x4006
Ret Val

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)
TEAR_DOWN

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

R5 R7

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)
TEAR_DOWN

LDR R7, R5, #2 ;Restore return address

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

R5 R7
Ret Addr

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)
TEAR_DOWN

LDR R7, R5, #2 ;Restore return address
LDR R5, R5, #1 ;Restore old frame pointer

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5

R6

Head 

R0 R1
69 x4006

x4006
Ret Val

R5 R7
Ret AddrCFP

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
LDR R1, R1, #1 ;load head->next to R1
ADD R6, R6, #-1
STR R1, R6, #0 ;push head->next to the stack
JSR PRINT_LIST
ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)
TEAR_DOWN

LDR R7, R5, #2 ;Restore return address
LDR R5, R5, #1 ;Restore old frame pointer
ADD R6, R6, #2

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

R5 R7
Ret AddrCFP

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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;print_list(head->next);
  LDR R1, R1, #1 ;load head->next to R1
  ADD R6, R6, #-1
  STR R1, R6, #0 ;push head->next to the stack
  JSR PRINT_LIST
  ADD R6, R6, #2 ; caller stack tear down

;skip here if head is null
;;Part 3 - callee tear down (preparing to return)
TEAR_DOWN
  LDR R7, R5, #2 ;Restore return address
  LDR R5, R5, #1 ;Restore old frame pointer
  ADD R6, R6, #2
RET

.END

12

…
x6FF5
x6FF6
x6FF7
x6FF8
x6FF9
x6FFA
x6FFB
x6FFC
x6FFD CFP
x6FFE Ret Addr

x6FFF Ret Val
x7000 x4004

Runtime stack

Printing a linked list

x4004 69 x0045
x4005 16390 x4006
x4006 67 x0043
x4007 16392 x4008
x4008
 69 x0045
x4009
 16394 x400A
x400A 50 x0032
x400B
 16396 x400C
x400C
 50 x0032
x400D
 16398 x400E
x400E
 48 x0030

… … …

R5
R6

Head 

R0 R1
69 x4006

x4006
Ret Val

R5 R7
Ret AddrCFP

typedef struct Node{
    char symbol;
    struct Node *next;
}node;
 
void print_list(node *cursor){
  if (cursor==NULL)
    /* List empty; do nothing */ 
    return;
  else{
    /* Print and recurse */ 
    printf("%c", cursor->symbol);
    print_list(cursor->next);
  }
}
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Draw the tree
.ORIG x6000
.FILL 50       
.FILL x6003    
.FILL x600C   
.FILL 67     
.FILL x6006 
.FILL x6009
.FILL 69  
.FILL 0  
.FILL 0 
.FILL 69
.FILL 0
.FILL 0
.FILL 50
.FILL 0
.FILL x600F
.FILL 48
.FILL 0
.FILL 0
.END

14

typedef struct Node{
    char symbol;
    struct Node *left;
    struct Node *right;
}node;

What does inorder traversal of this tree print out? 
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Write LC3 for inorder traversal
void traverse_inorder(node *cursor){
  if (cursor==NULL)
    /* Tree empty; do nothing */ 
    return;
traverse_inorder(cursor->left);
printf(“%c”, cursor->data);
traverse_inorder(cursor->right);

}

15
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See https://gitlab.engr.illinois.edu/itabrah2/ece220-sp24 for lec0418 after 04/25

https://gitlab.engr.illinois.edu/itabrah2/ece220-sp24

