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Announcements

 Homework 2 due tonight at 11:59pm on Gradescope
 Homework 3 out today, due next Monday at 11:59pm on

Gradescope
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Building a Computer
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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 fi ‘
S OHE (prmitive variables) o
egister to re ﬂter (icode 0), x = of MoK et
° , — I _
SEEISIELR0 TERE Y RO=MLRC21]
* Register to/from memory (icodes 4-5), x = M[b], M[b] = x
Memory ojects o ormys) 0 Go-b nemoy , lodkeod the whe of b

a4 aNa
* Address: an index into memory. @ lke {rot whie as the MQ" Qc ”M bﬂ 4

o 25h lrts Y 0 ooy (o 75 4 bg anoy of )
* Addresses are just (lvqggricw)ﬂnumbers

* 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| rA = pc (noxt nstvictim) oo tngs with Binchm mlle

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 s — mve ompors

1 rA &= 1B \ Y

2 rA += rB 0. austractio - e o0 m o

3 0|rA = ~rAflpbifs negaty i anol podiy 1t
1|rA = IrA lopiwl ot pnother. |
2 | TA = -TA fole the negotin B muHiphatin: Y@p@mﬂ oddtim

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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icodes 3 and 6

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

icode a b

actual wbe
[of YA

° N bsdeck of the nshuichuS

action

rA = ~rA
rA = IrA
rA = -rA
rA = pc
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icodes 3 and 6

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

icode a b

* 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

o Kt st ritten chiectly nsick the ansttuchon, stend of beirg
icode 6 provides literals, immediate values Cotchad, “From mamoy \oder

icode | b | action o
6 |0|rA = read from memory at pc + 1-—pw agye
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
Fo=02: 1ol | | 0|lg glo O 900 00 | 9|

e ued oll € bits = i‘ugt imt fhe whe nthenert bt
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Encoding Instructions

Example 1: 11 +=19~~ N decimal

19 0 hersdlecimpl Ok 13

o] 410 | ol o | [ 3

Acode O b

her: bbl12
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Instructions
icode b | meaning
0 rA = rB
1 rA &= 1B
2 2 rogistzrs
3 0| rA = ~rA N
1| rA = IrA
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
g @”—I—: read from memory at IL;D 7‘mm€0ﬁ(7\{’€ VO&I]/IQ/,
3 | rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction
i Compare rA as 8-bit 2's-complement to 0

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

Sden - ©.1 howe o volen meminy of oddiess her €2

Example 2: M[0x82] += 13 Q. 1 want to add whodeler i 23 o HO{ volue .
Read memory at address 0x82, add r3, write back to memory at same address
One ot . No anstictins allow us o pass an mmediatz vahee s the address

So lets ue owsdves some fime - Just put €2 Inargpister
Then we we doode & 4o read 4t aub e 5 o wite 1t pack.

(2=0x62 QU0 oo &L quy padie reads O ond |
=] 0o aLe B i v > casir 4o rrd> s o hr
ff=r2 000 o |l b

5 b8 €2 4b2] 5

Mrr21=rl 0 7o ol 10
5) — b
Page 13

One ieresting ﬁv\dmg: fist hex s a[wayx our icooke !



