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Announcements

 Homework 3 due Monday at 11:59pm on Gradescope
* Midterm 1 next Friday (October 3, 2025) 1n class

* Written, closed notes

* If you have SDAC, please schedule ASAP
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High-level Instructions

In general, 3 kinds of instructions
* moves - move values around without doing “work”

* math - broadly doing “work”

* jumps - jJump to a new place in the code
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Moves

Few forms
* Register to register (icode 0), x =y
* Register to/from memory (icodes 4-5), x = M[b], M[b] = x
Memory
* Address: an index into memory.
* Addresses are just (large) numbers

* Usually we will not look at the number and trust it exists and 1s stored in a

register
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Moves

icode b | action

rA = rB

3 [ EA. = pe

rA = read from memory at address rB

write rA to memory at address rB

rA = read from memory at pc + 1

rA = read from memory at the address stored at pc + 1
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Math
Broadly doing work
icode b | meaning

1 rA &= rB

2 rA += rB

3 O0|rA =~rA
1 rA = 'rA
2| rA = -rA

6 1|rA &= read from memory at pc + 1
2 | rA += read from memory at pc + 1

Note: We can implement other operations using these things!
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Immediate values

icode 6 provides literals, immediate values

action

rA = read from memory at pc + 1

rA &= read from memory at pc + 1

rA += read from memory at pc + 1

rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction

icode

6

WN RO T

icode a b
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Jumps o f0]  anchud)

Moves and math are large portion of our code

We also need control constructs

* Change what we are going to do next

« if while, for. functions, ... i ferms of modine e, these cacles callecd gumps

Jumps provide mechanism to perform these control constructs

We jump by assigning a new value to the program counter PC
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Jumps

* For example, consider an if -
when we got 7’1@, We have a chaice

e —
J, — f®' e o ke, e by fne

3 L0054 9. olorb ot 1o dothe +f baty, mogic
= feleport. foleprts me dun 1o the el
] of the Af shofement.
T — (3f the fit e affer 3f hos Tedex2s,
v yfod of P+, I 9y, Pe=25)
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Jumps

> e make ol eur registas € bits, eoch ragisterwill

icode | meaning Lho[d ore bife
7| Compare rA as(8-bit) 2's-complement to O

if rA <= 0 set pc = rB
else increment pc as normal

Instruction icode 7 provides a(conditional jump
Swaps 5f Same Canckfmn s e
Sp@aﬁ(alln e read e value in YA

* Real code will also provide an@M but a conditional jump is sufficient

V%
wst set v 0.
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Writing Code

We ae basimly bgw whet we wld o' compiler”

We can now write any* program!
* When you run code, it 1s being turned into instructions like ours

* Modern computers use a larger pool of instructions than we have (we will get there)

We hae 15 rstiuctions, madem gomputets can hase thonsands

o | of stictime .,
*we do have some limitations, since we can only represent 8-bit values and some

operations may be tedious.
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Our code to this machine code

How do we turn our control constructs into jump statements?

how o0 gnvert & o while

| RN (it 1=0 5 <257 1+H)4 nt 7;\0
— — while (1<25) §
3 i
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if/else to jump
ih@) { ﬁa( D 7/jwnptoj%_ K D s thig no need 4o Jump.
arfinee o A
A A S we @n thk abncb it frm
T else { 3unp 4 ¢ Gunconchtiond J4p) “B” opuste ey, LD Jinp
D b ‘
0.+F D is tue - don'y Jump.
C. - oxrfinue A then C.
+F condition D s e, Lwil doA, 9. +f D s folse: ump 0 B,
then [

s)eii B, Gortine 0 0o C -
Page 13
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| WS w iwlere 7 Jump *

while to jump /7 @ how cude f you brow £ aathress

100de 2-2

while ([ ]) 9 \

A
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Encoding Instructions

icode b | meaning
0 rA = rB
1 rA &= 1B
2 rA += rB
3 0| rA = ~rA
1| rA=I!rA
2 | rA = -rA
3| rA = pc
4 rA = read from memory at address rB
5 write rA to memory at address rB
6 0 | rA = read from memory at pc + 1
1 | rA &= read from memory at pc + 1
2 | rA += read from memory at pc + 1
3 | rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction
7 Compare rA as 8-bit 2's-complement to 0

if rA <= 0 set pc = rB
else increment pc as normal

Y
Example 3: 1fr0 <9 jump to 0x42

L dloot foue an rstuchion soy 04,
T rval “ro<=0" R Gaode 7, whet dmld
T ¢lo?
(028 £ 1e=8 L= (r0-8)<=0
L= 104§ (0xF8)

1 2=0
bl =042 O 110 ol vo _42
b 4 42
rg+=r8€ 0 110 ™o &8
b 2 rg
(g0 (gl




