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Processing logic: fetch-execute cycle
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Executing the current instruction involves one or more of
the following micro tasks:

e Have the ALU compute some f(registers,memory)
e Write the ALU output to register(s) and/or to the memory

e Asaside-effect of executing these tasks,
figure out which instruction to fetch and execute next.
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The Hack chip-set and hardware platform
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The Hack computer
B 16-bit Von Neumann platform
B Instruction memory and data memory are two physically separate units
B I/0: 512 by 256 black and white screen, standard keyboard
B Designed to execute programs written in the Hack machine language
B Can be easily built from the chip-set that we built so far in the course
Main parts of the Hack computer:
= Instruction memory
= Memory:
e Data memory
e Screen
e Keyboard
m CPU
m  Computer (the glue that holds everything together).
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Lecture plan

Instruction memory

Memory:

e Data memory
e Screen

e Keyboard

m CPU

Computer
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Instruction memory

address out
ROM32K  t——k—Pp
15 16

Function:
B Pre-loaded with a machine language program (how?)

B Always emits a 16-bit number:

out = ROM32K[address]

B This number is interpreted as the current instruction.
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Data memory

load

in out
L. RAM16K L < »
16 16
address

15

Reading/writing logic

B Low level: Set address, in, load

B Higher level: peek(address), poke(address,value) (OS services).

Elements of Computing Systems 7 Computer Architecture (Ch. 5)
Screen
load
in ¢
7 > out
16
Screen |

address

> ~Ne_

Physical
Screen

B Functions exactly like a 16-bit 8K RAM :
e out = Screen[address]
e IT load then Screen[address] = in

B Side effect: continuously refreshes a 256 by 512 black-and-white screen.

Elements of Computing Systems 8 Computer Architecture (Ch. 5)

Copyright © Shimon Schocken



Screen memory map
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Writing pixel (X,y) to the screen:

B Low level: Set the y%16 bit of the word found at Screen[x*32+y/16]

B High level: Use drawPixel (x,y) (OS service).
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Keyboard
out
=== Keyboard <
——— 16
Keyboard

Keyboard chip = 16-bit register
Input: 16-bit value coming from a physical keyboard

Function: stores and outputs the ASCIT code of the pressed key,
or 0 if no key is pressed

B Special keys:

Key Keyhoard Key Keyboard
pressed output pressed output
newline 128 end 135
backspace 128 page up 136

left arrow 130 page down 137

up arrow 131 insert 138

right arrow 132 delete 138

down arrow | 133 ese 140

home 134 f1-f12 141-152

Reading the keyboard:

B Low level: probe the contents of the Keyboard register
B High level: use keyPressed() (OS service).
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Memory

load
Memory
0
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memory map Y\ i‘:":":‘:’D
‘ ) Keyboard

Function:

B Access fo any address from O o 16,383 results in accessing the RAM

B Access to any address from 16,384 to 24,575 results in accessing the Screen memory map
B Access to address 24,576 results in accessing the keyboard memory map
]

Access to any address>24576 is invalid.
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CPU
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CPU elements: ALU + A, D, PC (3 registers)

CPU Function: Executes the instruction according to the Hack language specification:
B The M value is read from inM

B The D and A values are read from (or written to) these CPU-resident registers

B If the instruction wants to write to M (e.g. M=D), then the M value is placed in outM, the
value of the CPU-resident A register is placed in addressM, and writeM is asserted

B If reset=1, then pc is set to O;
Otherwise, pc is set to the address resulting from executing the current instruction.
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CPU

from .
inM —<—»
data memory 6 / outM
16
: to data
from ) ) 5 X writeM
instruction instruction —<— o 1 memery
memory 16 O < addressM
15
L » pC to instruction
reset—<—» 15 memory
1
CHIP CPU {
IN inM[16], instruction[16], reset;
OUT outM[16], writeM, addressM[15], pc[15];
PARTS:
// Implementation missing
3
B CPU implementation: next 3 slides.
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dest = comp; jump comp dest jump

CPU implementation \ 1l 1]

binary: 1 1 1 a cl c2 c3 c4 «c5 c6 dl d2 d3 j1 j2 j3

Chip diagram:
B Includes ALU output :
most of the
exec. logic
m  Control
logic is
hinted. outM
instruction
inM ©—> writeM
A addressM
reset E E
: A Qﬁ 5
5 " | L
Cycle: Execute logic: Fetch logic: Reset logic:
® Fetch B Decode If jump then set PC to A Set reset to 1,
B Execute B Execute else set PC to PC+1 then to O.
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Computer-on-a-chip interface

reset
E— Computer

Input: reset

Function: When reset is 0,

and “down” (0] .
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Chip Hame: Cowputer // Topwost chip in the Hack platform

the program stored in the

computer's ROM executes.
execution of the progratn restarts.
program’ s execution,

Then reset

reset must be pushed

iz 1, the
Thus, to start a
“up® (1)

From this point onward the user is at the mercy of
the software. In particular, depend
program's code, the screen may show some output and
the user may be able to interact with the computer

ing on the
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Computer-on-a-chip implementation

: inM :
writeM
Instruction . . outM Data
: Memory instruction S5 Memory :
. 5 addressM
. (ROM32K) pc (Memory) .
reset CHIP Computer {

IN reset;

PARTS:

// implementation missing

3
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Perspective

More I/0 units + peripheral logic
Efficiency

CISC / RISC (HW/SW trade-off)

Diversity: desktop, laptop, hand-held, game machines, ...

General-purpose VS dedicated / embedded computers
Silicon compilers

And more ...
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