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Computer Design
instruction Set Design ° Computer Hardware Design
Machine Language °

° Machine Implementation °
Compiler View ° "Computer

Architecture" Logic Designer's View °

o mn

Instruction Set Processor "Processor Architecture”

"Building Architect” ° "Computer Organization"

)

“Construction Engineer’

Few people design computers! Very few design instruction sets!
Many people design computer components.
Very many people are concerned with computer function, in detail.
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The Big Picture

« What Is inside a computer?
« How does It execute my program?
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The Big Picture

The Five Classic

Components of a

~A

Computer //

Control

Datapath

Memory

Input

Output

~ Processor
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System Organization

Processor |<—Intermupts
Cache
[-J Core Chip Set
E
Main
Memory
Disk Graphics Network
Controller Controller Interface

B
Diskl ‘Disk [ Graphics ] /m
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What 1s Computer
Architecture?

e Coordination of levels of abstraction

Application
Operating Software
System
: Y Interface Between
Compiler | Firmwar HW and SW
€ Instruction
CPU Memory | I/O system i?(t:hitecture
Digital Design , Memory,
. . /O
Circuit Design Hardware

e Under a set of rapidly changing Forces
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Levels of Representation

High Level Language temp = V[K]; v[K] = v[k+1]; v[k+1] =
Program temp:
Compiler lw $15, 0($2)

lw $16, 4($2)
Assembly Language

Program sw$16, 0(%$2)
sw$15, 4(%$2)

Assembler 1001 1100 0110 1010 1111 0101
1000

: 0000 1111 0101 1000 0000 1001 1100
Machine Language 1010 0110

Program 1100 0110 1010 1111 0101 1000 0000
0101 1001

1000 0000 1001 1100 0110 1010

Machine Interpretation =

- R Don’t Care
|Rd |Rt S (R

,“2\\15 5' S,i’
= busA
Control Signal T I
- g . Eome
Specification o s S
- g
2 =
16 lrj’ g:‘l
% ALUSK
-
ExtOp
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High-level swap(int v[1, int k}

language {int temp;
program temp = v[k];
(in C) vik] = v[k+1];

vik+l] = temp;

|
(i)

COmpIIer_ Assembly swap:

language mull $2, $5.4
program add $2, $4,%2
Assembler P W 435, 0050
Tw  $16, 4(§2)
swWw $16, 0($2)
sWw $15, 4(32)
jr $31

Binary machine  000060881011H000236660EHHHBE233H00

}

language B66SHBO066Q bbOERAGEIAG06d00001
program 166611H00RbDEIBHOOOEIDO0EEHRVO 0000
(for MIPS) 10001161111 106056R200006608 15 00

1) B0 b0 idd ERRIINOE 66 6HHHHNE 00

BB phi
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Translation hierarchy for C

C program

Assembly language program

Assemble

Object; Machine language module ObjeE:t; Libréry routine'(maéhine I'anguage)

Linker

Executable: Machine language program
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Basic Elements

Functional Levels:

.B Application
Layer .B System
Software B

Hardware Layer
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MIPS Assembly

move $t0, $tl

add $t0, $zero, $t1

sll $t1, $al, 2 (reg $t1=k*4)

lw $t0=4($t1) (reg $t0=v[k+1])
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EPROM as a Programmable Logic
Device

» ROMs are required for applications in which
large amount of information needs to be
stored in a nonvolatile manner.
(Storage for microprocessor programs,
fixed table of data, etc.) Another common
application of the ROM is for the
systematic realization of complex
combinational circuits.

&ddres Bus (lower 8 hits)
256 x 4
Address Bus {upper 7 bits) ROM
A8:14 + »~| AB:14 A,
Memory . A
Microprocessor Latch First __| ! D |—
- = AD:7 4-bllt) A 0
(Mﬂmmla 6811) (HC373) ; num er = 2 .
A5 (32K static RAM) A D, — 4-bit
; — — po:7 T D. | result
ADO:7 - e s A o [—
Multiplexed B/ s — g
Address/Data bus (3 bits) A D3 _—
Second | —1 /s
E_R/~W ASI~r - ehobe” signd 4-bit ' A
number | — fg
Read/Wite contrd line A
S |l
Enable
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FPGA Design

I/O Cell — Wire Segments Logic Block:

A field-programmable gate array Is a semiconductor
device containing programmable logic components

called logic  blocks”, and programmable =
Interconnects. Logic blocks can be programmed to il
perform the function of basic logic gates such as —
AND, and XOR, or more complex combinational -l

functions such as decoders or simple mathematical s
functions. In most FPGAs, the logic blocks also )
Include memory elements, which may be simple flip-

flops or more complete blocks of memory.

1

A classic FPGA logic block NS
consists of a 4-input lookup ﬂ " - 56-st
table (LUT), and a flip-flop: { FT.d 2

: T Ix \ '
}:P;-—; 4-input ol ' \bf X ]
o |Look-Up D Flip-
———> Table | Clock|Flop 0 12

> a) S Mlock delail

3
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Soft Processors

A soft microprocessor (also called softcore microprocessor or a soft processor) is a
microprocessor core that can be wholly implemented using logic synthesis. It can be

Implemented via different semiconductor devices containing programmable logic
(e.g., FPGA, CPLD).

Notable soft microprocessors include:

MicroBlaze m*Nios |1

Processor Developer Open Source Bus Support Notes Project Home
MicroBlaze  [Xilinx no OPB. FSL. LMB Xilinx MicroBlaze
Pico Blaze Xilinx no Xilinx PicoBlaze ™t
Nios, Nios Il |Altera no Altera Nios I
CortBX-M 1 JArm no [1]®

Mi co 32 |attice yes Lattice Mico 32
IAEMB Shawn Tan yes \Wishbone MicroBlaze EDK 3.2 compatible Verilog core IAEMB

OpenFire Virginia Tech CCM Lab yes OPB. FSL Binary compatible with the MicroBlaze VT OpenFire »
PacoBlaze  |Pablo Bleyer yes ICompatible with the Pico Blaze processors PacoBlaze i*?
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PCload
Reset

sub

npMux ]s =

MPabs

“000" & IR4-0

input

opfetch |

Asel1-0

ALUSel1-0

we

IR4-0

rbe

writeAcc

IRload
Reset

IR4

IR4-0
IR7-5

clk —
reset —
Aeq
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Oload
Reset

output

ALUSel

Asel
writeAcc
IRload
PCload
Oload
jmpMux
opfetch
we
rbe
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23 library ieee;

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68

69
70
71
72
73
74
75
76
77
78

use ieee . std 1 ogic_ 1164 . a 11; use

ieee.std_logic_
std.all;

igned.all; use ieee.numeric

entity datapath is port(

elk: in std logic;
reset: in std logic;
input: in std logic vector (7 downto 0);
output: o ut s t d logic vec t or(7 dounto
0)
— stat us s 1 gnals
Ae gO : out s td 1 ogic;
IROut: out std logic vector (7 downto 5)
— c o ntr ol si gnals
ALUSel: in std logic vector (1l downto 0) ;
Asel: in std logic vector (1l downto 0) ;
writeAcc: in std logic;
IRload: in std logic;
PCload: in std logic;
Oload: in std logic;
jrepMux: in std logic;
opfetch: in std logic;
we: rtae: in std logic;

end datapath; in std logic);

architecture irep of datapath is

signal dp ROMData, dp IR, dp IR2, dp ALU Out: std logic vector (7 downto 0);
signal dp_ PC, dp_PCnext, dp_Adder Out: std logic_vector (7 downto 0);

s i gnal dp_r e gf ile A, dp_r e gf ile B: s t d log i c_vector (7 downto 0); signal

dp_reux4 Out: std logic vector (7 downto 0); s ignal dp mux2_ Out: std logic vector (3

downto 0); signal dp raux2 Out8: std logic vector (7 downto 0);

signal f unsigned overflow: std logic;
signal sub Jjrep: std logic;

begin
AeqO <= dp_regfile A(O) or dp_regfile A(l) or dp_regfile A(2) or dp_regfile A(3)
or dp_regfile A(4) or dp_regfile A(5) or dp regfile A(6) or dp_regfile A(7) ,
dp IR2 <= "000" £ dp_ IR[4 downto 0);
Bus_Select: entity work.reux4 port reap(Asel, dp regfile B, Input, dp_ IR2, dp_regfile A, dp_reux4 Out)
Instruction Register:entity work.IR port reap(elk, reset, IRload, dp ROMData, dp IR);
ProgramCounter: entity work.PC port reap(elk, reset, PCload, dp_ PCnext, dp PC);
PC Mux: entity work.reux2 port reap(jrepMux, "0001", dp IR(3 downto 0), dp reux2 Out);
dp_reux2 Out8 <= "0000" £ dp_reux2 Out; sub jrep <= jrepMux and dp IR(4);
Adder_8_b it: entity work.addsub8 pc port reap(dp PC, dp reux2 Out8, dp PCnext, sub_ jrep); entity
ProgramHereory: work.rore 256 8 port reap (opfetch, dp PC, dp ROHData); entity work.regfile port reap(elk,
RegisterFile: reset, we, writeAcc,
ALUS: dp_IR(4 downto 0), dp ALU Out, rbe, dp regfile A, dp regfile B); entity work.ALU port

Implementation in VHDL

reap (ALUSel, dp_reux4 Out, dp regfile B, dp ALU Out, f unsigned overflow);

OutputRegister:
IROut <= dp_IR(7
end irep;
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entity work.OReg port reap(elk, reset, Oload, dp regfile B,

output) ;

downto 5);
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Running the CPU

ftestiprocessor/controlunit/clk I I | | | I I I | I I I I I I I I I I | | I I L

ftest/processor/controfunit/resst

ftest/processorfinput 00000100

festiorocessorfoutput 00000000 100001010

test/processori/controfunit'asgl |

Itest/processor/controlunt/ir 111 000 1101 1100 1000
festiprocessor/controlunitiaiusel 11} {00 : T p——
ftestiprocessor/controlunit/asel ‘11_‘, { 11 lr “11

ftest/pracessoricontrolunitwriteace I

itest/processor/controlunitfirioad _I————_I rﬁ r—l I_——_—_I
ftestiprocessor/conirolunit/pcioad h I_——_——] I—I I—I
ftest/procassor/controlunitioload | p———
ltest/processorfcontrolunitjmpmux s |
ltestprocessor/controlunitiopfeich h " =01 frm )
fteat/processon/controlunitiwe I—I I_
festiprocessor/controlunit’rbe s 1 I T 1
Restiprocessor/controlunit/state s_supfs fetch s decode  Js store ] fetch Is decode Js inz Is fetch Is decode  Js out Is fetch  )s decode  Js store

hestiprocessor/controlunit/clkeount == J01011110__J01011111__J01100000__ J01100001__JO1100010__JO1100011__J01100100__ J01100101__J01100110__ [01100111__ 01101000 __J01101001__
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