Why Assembly Language ?

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

Read Sections
4.5.4-4.6

N ¥

Who authors >99.9% of the assembly

language that is actually run?

vm_'

functions vs. instructions

1-1 correspondence

is very rare!
def main() : 7 7
x = input () Y »0| reaa r1¥ }i“p“t
y = fun(x) <« »1| calln rl4 4 function call
print y -~ »2| write rl3 }Output
3| halt
def fun(x): < » 4| copy rl3 rl
Yy = x* (x_l): p addn i 71 the function
return y <« > 6| mul rl3 rl3 rl
»7| Jjumpr rl4 "return"

Fun: Python Instructions: Hmmm

From functions to instructions

Python Assembly
—_—
r x = input () fac(3)| 3 x,theargument r1
-% y = fac(x) \ ? return value r|13
i print y —— return address rl4
—
def fac(x): fac(2)| 2 x,theargument r1
- ? return value r13
29 if x == 0: return address r14
83 return 1 S ——
] —
E F fac (1) 1 x,theargument rl
§ ° else: ? return value rl3
§ g res = fac(x-1) . return address rl4d
8° return x*res

—

{1

growing
downward

One stack frame per function call

Functions != instructions

def main(): 7
i & 7 0 d 1 “ } input
X = :anut() rea r p
y = fun (x) 1 | calln rl4 4 function call
print y+x :> add r13 rl3 rl
write rl3 output
def fun(x): halt

copy rl3 rl
addn rl1 -1
mul rl3 rl3 rl

y = x*(x-1)

return
y the function

NS o0 o WN

jumpr rl4 "return"

But what if we wanted
fun(x) + x ?
We'd need the earlier value of x (r1) Q

... after the function call ! —




Functions != instructions

pushr stores TO memory

CpPU RAM
7 0| setn rl1 3
X Input value: x 0 read rl/ }input L Input value: x 1| setn r15 42
o 6 X 1| calln rl4 4 function call = 3 2| pushr rl rl5
add rl3 rl3 rl Stack pointer 3|addn r1 -1
rl5
Final result — ret. value - in progress 2 write ri13 out 42 4 popr rl ril5
outpu :
rl3 42 ¥ 3| halt 5| write rl
return address register 4 copy rl3 rl 6| halt
Fongoon) Q Gon)
rl4 2 5| addn rl -1 e B
the function 42 ‘
6| mul rl3 rl3 rl
'7 - 14 " " )
if we wanted JHRE ¥ return stores rl into r15's
fun (x + x ? MEMORY LOCATION .
(x) , ) ; ; And then pushr increments r15!
We'd need the earlier value of x (r1) o (not into r15 |tse|f)
... after the function call ! =
, -
popr loads FROM memory What's the Point?
CPU RAM RAM
0| setn rl1 3 42 5
Input value: x 1| setn r15 42 43 19
rl rl
2 3 2| pushr rl rl5 = 44
Stack pointer 3| addn rl -1 45
r2 19
rls 42 4| popr rl rl5 46
s Stack pointer
5| write rl 47
rl5 42
6| halt 48
Fongoon) Q Gon)
42 3 ‘ pushr rl
: ; pushr r2
Then it loads data into r1
- from r15's MEMORY 2
First popr decrements r15 LOCATION popr r
popr rl

(not from r15 itself)




y For an input of 0, trace what happens here ... .
putof op CPU + Registers Main Memory
A A r 00 read rl "the stack"
r x = 1nt(1npu">\))\ £ 01 setn rl5 42
©
c i £ g§ ca]..i.n ri; 5 Input: x
® = n, write r
g y = fac(x) \ Pug L 04 halt rl ‘ r1s5
fu |: 05 jnezn rl 8 2
. @
print y ”Ctlon‘.a” 00 read ri §§ 06 setn rl13 1 return value (the "result") a3
07 jumpr rl4 13
\ 01 setn rl5 42 L r 44
factorial & 02 calln rld4 5 B
. put o ushr rl rl5
function T 03 write ri3 ® 2 Sushr rld ri5 ; 4
r def fac(x): 04 halt s return address (line #)
- 2
gy Lf x==0: o 05 jnezn rl 8 factorial s 10adn 11 r14| | N
58 return 1 ————— w°— g: setn rﬁ 1 function . 11 calln rl4 5 .
- jumpr ri
© )
= L 08 pushr rl rl5 popr rld rl5 the stack pointer
g r e 09 pushr rl4 ri5 store popr rl rl5 rl5 ’ ‘
& eLses ve cal 10 addn rl -1
2 = = recursive ca
g RES = fac(x-1) 11 call rl4 5 14 mul  r13 r13 rl
8” return x*RES — 1; Ppopr ri“ ‘1’;5 15 jumpr ri4
calcul popr rl r -
L atefinalresult —— 14 mal  r13 r13 r1
15 jumpr rid load
et trodoy 11
Journey: instructions to functions...
For an input of 3, trace what happens here ... .
put of i CPU + Registers Main Memory
r 00 read rl "the stack"
£ 01 setn rl5 42 Python Assembly
£ 02 calln rl4 5 Input: x
L 03 write ril3 rl ‘ ‘
04 halt i q 1
«—
': 05 jnezn rl 8 2 r  x = input() Function Call Y
82 06 setn rl13 1 B
88 return value (the "result") a3 £ =
= 07 jumpr rl4 13 g y = fac(x) * push everything to memory
L r 4 L print y
= 08 h: 1 rl5 :
= HE pusar r. & s * make the function call
8 %|: 09 pushr rl4 rl5 I call
= @ P return address (line #) def £ .
S 14 ‘ ‘ 45 e ac(x) :
8 s 10 addn rl -1 r « destroy data as needed
° 11 calln rl4 5 a7 r
) 28 o5
popr rl4 ril5 the stack pointer 88 if x== return 1 Jumpz to return
popr rl rl5 rlS ’ ‘ 5 L
] .
14 mal £13 £13 21 g [ cise: pop all back from memory
- 15 jumpr rl4 Finished? Extra! '%% RES = fac (x_l)
E""' return x*RES
It's easy to get lost!  Follow these line numbers below to stay on track... Concep
0,1,2, 58,9,10,11, 5,8,9,10,11, 58,9,10,11, 5,6,7, 12,13,14,15, 12,13,14,15, 12,13,14,15, 3,4




Strategy: standardize registers

Simplify by having a standard place for standard data.

rl1 argument(s) will beinrl, r2, ...
r13 the return value (result) will be in r13
rl4 the return address will be in r14

rl5 the "stack pointer" will be in r15

This is the NEXT location in memory for storing data




Q U i YA Names(s)

2

o

O 00 J O

10
11

fac (3)

fac(x) :

print ("x is", x)

X ==
print ("Base: x:", x, "Res: 1")
return 1

print ("Next: fac(", x-1, ")")
smaller = fac(x-1)

result = x * smaller

print ("x:", x, "Res:", result)
return result

What will this call to
fac(3) print?

What's printed...

[and by which line?]

Circle the line #

/)
x is 3 2-4-7-10
Next: 2.-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10
2-4-7-10

x:3 Res:6




