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Thursday, Mar 13 will be the CS 5 "in-class" midterm

Un-warnings:

Suggestions:

go over hwk problems and our in-class exercises ...

consider small variations of old problems...
  ... and how the solutions would change…

score worries?   Extra extra-credit in hw9 and beyond

create a page of notes, 2-sided is OK

that's our approach…

concerns?   accommodations?       flexibility:

five pr., 75 min., written        worth 1 hw assignment



Assembly Language

It’s only the foolish who never climb  
Mt. Fuji  --  or who climb it again.

Hey, three instructions
are missing here…



functions  vs.  instructions

Functions:  Python Instructions: Hmmm



IAS machine

CS 5 
Today

Hmmm

How does Python function?

Python!

Grace Hopper, admiral + 
author of the first high-level 

(human-level) language, 
COBOL

Don Gillies, 
assembler

Functions Instructions        

Jon Von Neumann



Moral equivalents…
0: 0000 0001 0000 0001             00 read r1
1: 0000 0010 0000 0001             01 read r2
2: 0111 0011 0001 0010             02 sub r3 r1 r2
3: 0110 0000 0000 0000             03 nop
4: 1110 0011 0000 0111             04 jgtzn r3 7
5: 0000 0001 0000 0010             05 write r1
6: 1011 0000 0000 1000             06 jumpn 8
7: 0000 0010 0000 0010             07 write r2
8: 0000 0000 0000 0000             08 halt

x = int(input("Num: "))
y = int(input("Num: "))
diff = x - r2y
if diff < 0:
  print(r1)

else:
  print(r2)



Moral equivalents…
0: 0000 0001 0000 0001             00 read r1
1: 0000 0010 0000 0001             01 read r2
2: 0111 0011 0001 0010             02 sub r3 r1 r2
3: 0110 0000 0000 0000             03 nop
4: 1110 0011 0000 0111             04 jgtzn r3 7
5: 0000 0001 0000 0010             05 write r1
6: 1011 0000 0000 1000             06 jumpn 8
7: 0000 0010 0000 0010             07 write r2
8: 0000 0000 0000 0000             08 halt

x = int(input("Num: "))
y = int(input("Num: "))
diff = x - r2y
if diff < 0:
  print(r1)

else:
  print(r2)



“Mindless” translation…

Make it so simple it can be automated…

• Put variables into registers in order they 
occur (starting with r1, then r2, etc…)

• Use jumps to simulate if blocks.



What about functions?
10  sub r3 r1 r2         
11  jgtzn r3 14           
12  copy r13 r1          
13  …?? return ??…               
14  copy r13 r2          
15  …?? return ??… 

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

a = int(input("Num: "))
b = int(input("Num: "))
r = min(a, b)
print(r)

00  read r1              
01  read r2              
02  … ??? …
03  halt 

• Put variables into registers (starting with r1, then r2, etc…)
• Use jumps to simulate if blocks.
• Return the result in r13



What about functions?
10  sub r3 r1 r2         
11  jgtzn r3 14           
12  copy r13 r1          
13  jumpn 03               
14  copy r13 r2          
15  jumpn 03 

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

a = int(input("Num: "))
b = int(input("Num: "))
r = min(a, b)
print(r)

00  read r1              
01  read r2              
02  jumpn 10
03  write r13 
04  halt 

• Put variables into registers (starting with r1, then r2, etc…)
• Use jumps to simulate if blocks.
• Return the result in r13



What about functions?
10  sub r3 r1 r2         
11  jgtzn r3 14           
12  copy r13 r1          
13  jumpr r14               
14  copy r13 r2          
15  jumpr r14 

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

a = int(input("Num: "))
b = int(input("Num: "))
r = min(a, b)
print(r)

• Put variables into registers (starting with r1, then r2, etc…)
• Use jumps to simulate if blocks.
• Return the result in r13
• Use r14 to hold where to return to…

00  read r1              
01  read r2              
02  setn r14 04
03  jumpn 10
04  write r13 
05  halt 



What about functions?
10  sub r3 r1 r2         
11  jgtzn r3 14           
12  copy r13 r1          
13  jumpr r14               
14  copy r13 r2          
15  jumpr r14 

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

a = int(input("Num: "))
b = int(input("Num: "))
r = min(a, b)
print(r)

00  read r1              
01  read r2              
02  calln r14 10
03  write r13 
04  halt 

• Put variables into registers (starting with r1, then r2, etc…)
• Use jumps to simulate if blocks.
• Return the result in r13
• Use r14 to hold where to return to (+ use calln instruction)



00  read r1              
01  read r2              
02  read r3              
03  calln r14 10         
04  copy r1 r13          
05  copy r2 r3           
06  calln r14 10         
07  write r13            
08  halt                 
09  nop                  
10  sub r3 r1 r2         
11  jgtzn r3 14          
12  copy r13 r1          
13  jumpr r14            
14  copy r13 r2          
15  jumpr r14 

a = int(input("Num: "))
b = int(input("Num: "))
c = int(input("Num: "))
r1 = min(a, b)
r2 = min(r1, c)
print(r2)

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

• Put variables into registers (starting with r1, then r2, etc…)
• Use jumps to simulate if blocks.
• Return the result in r13
• Use r14 to hold where to return to (+ use calln instruction)

Does it work?
Mem 

Location Instruction

m
ai

n
m

in



00  read r1              
01  read r2              
02  read r3              
03  calln r14 10         
04  copy r1 r13          
05  copy r2 r3           
06  calln r14 10         
07  write r13            
08  halt                 
09  nop                  
10  sub r3 r1 r2         
11  jgtzn r3 14          
12  copy r13 r1          
13  jumpr r14            
14  copy r13 r2          
15  jumpr r14 

Quiz Name(s)  __________________________________

r1

r2

r3

r13

r14

Try with the input 5, 42, 54
• What variable(s) from the original Python do r1, r2 and r3 hold?
• Does it work? If not, what went wrong and how could you fix it…?

What 
var(s)?

Mem 
Location Instruction

m
ai

n
m

in



00  read r1              
01  read r2              
02  read r3              
03  calln r14 10         
04  copy r1 r13          
05  copy r2 r3           
06  calln r14 10         
07  write r13            
08  halt                 
09  nop                  
10  sub r3 r1 r2         
11  jgtzn r3 14          
12  copy r13 r1          
13  jumpr r14            
14  copy r13 r2          
15  jumpr r14 

Quiz Name(s)  __________________________________

r1

r2

r3

r13

r14

Try with the input 5, 42, 54
• What variable(s) from the original Python do r1, r2 and r3 hold?
• Does it work? If not, what went wrong and how could you fix it…?

What 
var(s)?

Mem 
Location Instruction

m
ai

n
m

in



00  read r1              
01  read r2              
02  read r3              
03  calln r14 10         
04  copy r1 r13          
05  copy r2 r3           
06  calln r14 10         
07  write r13            
08  halt                 
09  nop                  
10  SAVE r3
11  sub r3 r1 r2         
12  jgtzn r3 15          
13  copy r13 r1          
14  jumpn 16             
15  copy r13 r2          
16  RESTORE r3
17  jumpr r14 

a = int(input("Num: "))
b = int(input("Num: "))
c = int(input("Num: "))
r1 = min(a, b)
r2 = min(r1, c)
print(r2)

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

Fixing it…
Mem 

Location Instruction

m
ai

n
m

in

• Save/restore registers that we'll 
“clobber”.



Big idea for save/restore: Stack!



00  setn r15 42          
01  read r1              
02  read r2              
03  read r3              
04  calln r14 10         
05  copy r1 r13          
06  copy r2 r3           
07  calln r14 10         
08  write r13            
09  halt                 
10  push r3 r15
11  sub r3 r1 r2         
12  jgtzn r3 15          
13  copy r13 r1          
14  jumpn 16             
15  copy r13 r2          
16  pop r3 r15
17  jumpr r14 

a = int(input("Num: "))
b = int(input("Num: "))
c = int(input("Num: "))
r1 = min(a, b)
r2 = min(r1, c)
print(r2)

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

Fixing it…
Mem 

Location Instruction

m
in

• Use r15 to refer to stack memory to 
pushr/popr…

m
ai

n





00  setn r15 42          
01  read r1              
02  read r2              
03  read r3              
04  calln r14 10         
05  copy r1 r13          
06  copy r2 r3           
07  calln r14 10         
08  write r13            
09  halt                 
10  storer r3 r15        
11  addn r15 1 
12  sub r3 r1 r2         
13  jgtzn r3 16          
14  copy r13 r1          
15  jumpn 17             
16  copy r13 r2          
17  addn r15 -1          
18  loadr r3 r15         
19  jumpr r14 

a = int(input("Num: "))
b = int(input("Num: "))
c = int(input("Num: "))
r1 = min(a, b)
r2 = min(r1, c)
print(r2)

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

Behind the scenes…
Mem 

Location Instruction

m
ai

n
m

in

• Use r15 to refer to scratch memory to 
save/restore…



00  setn r15 42          
01  read r1              
02  read r2              
03  read r3              
04  calln r14 10         
05  copy r1 r13          
06  copy r2 r3           
07  calln r14 10         
08  write r13            
09  halt                 
10  push r3 r15
11  sub r3 r1 r2         
12  jgtzn r3 15          
13  copy r13 r1          
14  jumpn 16             
15  copy r13 r2          
16  pop r3 r15
17  jumpr r14 

a = int(input("Num: "))
b = int(input("Num: "))
c = int(input("Num: "))
r1 = min(a, b)
r2 = min(r1, c)
print(r2)

def min(x, y):
  diff = x - y
  if diff < 0:
    return x
  else:
    return y

Fixing it…
Mem 

Location Instruction

m
in

• Use r15 to refer to stack memory to 
pushr/popr…

m
ai

n



“Mindless” translation…

Make it so simple it can be automated…

• Put variables into registers in order they occur 
(starting with r1, then r2, etc…)

• Use jumps to simulate if blocks.

• Return the result in r13

• Use r14 to hold where to return to (+ use 
calln instruction)

• Use r15 to refer to stack memory

• Use pushr/popr to save/restore any register 
we'll clobber (i.e., whose value we don't want to lose)



Hmmm 
four instructions that 

make functions possible

popr 

calln   jumpr
(return)(call)

(to the stack)

(from the stack)

pushr 



We must go deeper…
a = int(input("Num: "))
r = fact(a)
print(r)

def fact(n):
  if n == 0:
    return 1
  else:
    r = fact(n-1)
    r = r * n
    return r



We must go deeper…
00  nop          
01  read r1              
02  calln r14 10         
03  write r13            
04  halt                 
…
10  jnezn r1 13          
11  setn r13 1           
12  jumpr r14            
13  nop        
14  nop
15  addn r1 -1           
16  calln r14 10         
17  nop
18  nop
19  mul r13 r1 r13       
20  jumpr r14 

a = int(input("Num: "))
r = fact(a)
print(r)

def fact(n):
  if n == 0:
    return 1
  else:
    r = fact(n-1)
    r = r * n
    return r



We must go deeper…
00  setn r15 42          
01  read r1              
02  calln r14 10         
03  write r13            
04  halt                 
…
10  jnezn r1 13          
11  setn r13 1           
12  jumpr r14            
13  pushr r14 r15        
14  pushr r1 r15         
15  addn r1 -1           
16  calln r14 10         
17  popr r1 r15          
18  popr r14 r15         
19  mul r13 r1 r13       
20  jumpr r14 

a = int(input("Num: "))
r = fact(a)
print(r)

def fact(n):
  if n == 0:
    return 1
  else:
    r = fact(n-1)
    r = r * n
    return r
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