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Announcements

 Homework 2 due tonight at 11:59pm on Gradescope

* Homework 3 out tomorrow, due next Monday at 11:59pm

on Gradescope




UNIVERSITYsf VIRGINIA

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 (inove o oy of yolue from mie place $o onother)

 ofivect register moves fike moving the vofues
(primitive varinbles) fiom 3 to 12 (r2=12).

» Register to register (icode 0), x =y

* Register to/from memory (icodes 4-5), x = M[b], M[b] = x O more de%m\5> R O;/\MQD]J
C Obj@CJfS oY OIWUMQ @QO’{W Vﬂ@/ﬂw\b? | )00}2&{ ﬁ"é l/OL/TIQ O]c b

e Address: an index into memory. Q ke thot e s Hw W Qc ﬂ . @g@g)
. wb@ 15[) bl,ﬁé&? n memsy . (mgmam 18 A b?\ﬂ] NY@ Of
* Addresses are just (large)y numbers ot petortion /Squre brockets = yead the
e Usually we will not look @he—r]l\_.\mhel and trust it exists and is stored in a VAl
\" —ﬁom S‘Ume,\/\/h@re

Few forms

Memory

register

Jut ndleres,
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Moves

icode b | action

rA Nert WBW‘ el

3|rA gpﬂ thiros with fncim aalls . Cloavn 5t |oder).

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

OOl H WO

w O
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Math
Broadly doing work
icode b | meaning st the btsic RS to

1 rA &= rB

2 rA += rB inflement athar opero v

B
2| rA = —rA%ﬁwﬁﬂmgan V@thffWWﬁﬁmg

6 1|rA &= read from memory at pc + 1 it o the other
2 | rA += read from memory at pc +

@ ey 9/6@@7‘(’0(
adhfm

Note: We can implement other operations using these things!
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icodes 3 and 6

Special property of icodes 3 & 6: only one register used

icode a b

agﬁm\ (e

[of A
7 6 5 4 3 2 1 0 \QAES@’ ’ + OF He stlchn s,
action

rA = ~rA

rA = IrA

rA = -rA

rA = pc

WN RO T




UNIVERSITYsf VIRGINIA

icodes 3 and 6

Special property of icodes 3 & 6: only one register used b2 2F. ...
Tl he\q ae validl Anstructions
icode a b 1 donth krow whot they de.

Wa need o figre ot utot
«Hﬂ@ do. Bat La@n wrife

7 6 5 4 3 2 1 0 rancm HYgs and e o
\/Dx‘ﬁ.

* Side effect: all bytes between 0 and 127 are valid instructions!

* As long as high-order bit is 0

* No syntax errors, any instruction given is valid
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Immediate values )0 | gypc yc comtng moe pwerd|

. , , o litem| oonstant written div@cﬁM e Hhe nstiuction, %fmdof EWQ
icode 6 provides literals, immediate values Folhl, “Fon memon Ioder

icode | b | action |
6 [0|rA = read from memory at pc + 1 —ps oty
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
ro=0>: ol | | 0| g g|lo 0O 00 00 | Q|

The ued pl| ¢ bt = qust put fhe whe Nt next e

We dodt Pt T n Hhe aitie MCTUAON = e woulel D2 ey Fimites
Lo the rumber we An chore.
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Encoding Instructions

icode b | meaning m dé[imOI)
0 rA = rB S
] e Example 1: rl
2 rA += rB ¢ ,, |
AL bk 19 0 herdlecimal = Ok 12
1| rA = 'rA
e 1o [ o]l
4 rA = read from memory at address rB icode I3 b
5 write rA to memory at address rB
6 0 | rA = read from memory at pc + 1 \j_/_/ft
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 l’\@‘ : b b 15
¥ Compare rA as 8-bit 2's-complement to 0

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

Page 10
-
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Encoding Instructions

Sden - ©. 1 howe o volve n memony of oddiess her €2

Example 2: M[0x82] +=13 O. L want to odd whoderer n 03 1o Hhat vokie.
Read memory at address 0x82, add r3, write back to memory at same address
One pot . No wstiuckims allow ws o pass an immelintz vl as the odldrese.

S lets gue owsdves some time - Just put €2 nardjister

Then we we ke & o read +t awb dcarle 5 Lo write it bock.

y2=0x62 Q_ 19 |o 09 K2 aquy modie réads O and | |
MO ‘
vl =MLl 0¥oo 9] [0 Bt %' U = easier r@gj»pmrsaﬁh@f

] RO
rr=rs g ol b6 €1 4b2] 5

Mrral=rl 0 7o ol 10
5) — b
Page 11

(2 W@Wﬁﬁg ﬁv\dmg: fist hex 1 alwayﬁ qur iode!
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Instructions

icode b | meaning

0 rA = rB
1 rA &= rB
2 rA += rB
3 O rA = ~rA
1| rA = IrA
2| rA = -rA

3| rA = pc

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 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

F Compare rA as 8-bit 2's-complement to 0

if rA <= O set pc = rB

else increment pc as normal

(@) NG I8

WNHFHO
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Jumps C confiol  onchniete)

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, ..1" terms OF e aole, these cioles aalled Jungs

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 gt 3 we have a doce

iC
l — { ). Grrfinvie our cadle, hne @ e

b5 & dlot ot B dothe +f boly, magic
= feleport. feleprtc me chun o the enl
J of the f Slofement
T — (3 the fust he affer f fos Wlex s,
v yfoud of P+, L 9y, Pe=25)




