Embedded Systems
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Associate Lecturer Kieran Quirke-Brown

Tutorial 2= ALU + CU
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Opcodes

Opcodd Description Abbreviation

0 Jacc < memory LOAD memory
pc «pc+2

| memory «— acc STORE memory
pc «pc+2

2 acc « NOT ace NOT
pc  «pe+ 2

3 lace e ace - memory ADD memony
pc & pc 2

4  Jacc <« acc - memory SUB memory
pc & pc 2

5 Jace < acc AND memory | AND memory
pc «—pc+2

6 Jace <« acc OR memory  JOR memony
pc &pct2

(* acc unchanged *)
ifacc =0

BEQ address

pc <« pc - address

then pc < pc + address
else pcepc+2
YT IV YT S {
% |acc <« constant LOAD constant
pc «—pc+2
)
10
Il Jace <« acc + constant ADD constant
pc «pc+2
12 Jace <« acc - constant SUB constant
pc «pc+2
13 Jacc <« acc AND constant] AND constant
pc «—pct+2
14 Jacc <« acc OR constant | OR constant
pc «pc+2
15 |{* acc unchanged *) BRA address




Timing Diagram

Master
C (load code) : : : . : - 0
PC (prog. counter) ; : : 1
] ] |
AD (load address) ' | 2
BR (branch) : 3
B (fetch operand) : 1' 4
A (accumulator) ! 5
W (write result) o
Multiplication Program
Program to multiply two numbers
Address| Opcode Datal Mnemonic | Comment
00 |08 00 LOAD #0 | Clear result memory cell (SFF)
02 01 FF STORE FF
04 |00 FD LOAD FD | Load first operand (SFD) ..
06 |07 FF BEQ -1 |. doneif0(BEQ -1 equiv.todynamic HALT)
08 |0C 01 SUB #1 | Subtract | from first operand
OA |01 FD STORE FD
0C |00 FE LOAD FE | Load second operand (SFE) and add to result
OE 03 FF ADD FF
10 01 FF STORE FF
12 |OF F1 BRA -15 | Branch to loop (address 4)




