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Computer Design

P

Instruction Set Design

° Machine Language ° Machine Implementation\
° Compiler View

Computer Hardware Design

_ ° Logic Designer's View
° "Computer Architecture"

° "Instruction Set Processor" ° "Processor Architecture"

° "Computer Organization"
"Building Architect"

“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 1nside a computer?
« How does it execute my program?

/
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The Big Picture

* The Five Classic
Components of a

Computer //

Pmsﬁssar /
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System Organization

interrupts

Processor |=

Cache

[-] Core Chip Se! |

Main
Memory

Disk Graphics Network
Controller Controller Interface

Disk\ ‘Disk [ Graphics ] /m
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What is Computer
Architecture?

 Coordination of levels of abstraction

N
Application ‘
> Software

Operating
System
Interface Between

| Compiler| | Firmware| _ HW and SW

— | _
CPU | Memory | /O system Snesttructmn
Digital Design 'I?\/Irecgicfre)?uljlz)e’
Circuit Design - Hardwaré
_

« Under a set of rapidly changing Forces
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Levels of Representation

temp = v[K];

High Level Language
Program VK] = v[k+1];

v[k+1] = temp;

Compiler

Iw $15, 0($2)
Assembly Language
Program Iw $16, 4(82)

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

Machine Language 0000 1001 1100 0110 1010 1111 0101 1000
Program 1010 1111 0101 1000 OOOO 1001 1100 0110
1100 0110 1010 1111 0101 1000 OOOO 1001

0101 1000 OOOO 1001 1100 0110 1010 1111

Assembler

Machine Interpretation == sw7 ...

s
RegWr 5| 5I 5| (RY) AL Uctr

MemtoReg

Control Signal O I B N\
g 32 32-bit 32 >,
1Fi 1 32 Registers 7
Specification K o D e |
32 Z
m % WrEn Adr
E 4 Data In
imml6 7 2 32 ’f 3 »| Data
. ] Clk Memory
f ALUSrc —0
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X
=
O
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Compiler-
Assembler

Izmir Institute of Technology

High-level
language
program
(in C)

Assembly
language

program
(for MIPS)

Binary machine
language
rogram

p
(for MIPS)

swap{int v[]1, int k}

{int temp:

temp =

vLk] =

vik];
vik+1]:

vik+1] = temp;

|

T

swWap:

mull $2, 55,4

add
Tw
W
SW
SW

jr

$2, $4.32
$15, 0(3%2)
$16, 4(32)
$16, 0(%$2)
$15, 4(32)
$31

00000000101000010000000000011000
oogogoooooolloooooollooooologon
10001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111 000000000000000001000
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Translation hierarchy for C
Gprogen|

Assembly language program

Object: Machine language mocdule | | Object: Library routine (machine language)

Executable: Machine language program

N
@ader

Memory
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Basic Elements

Functional Levels:

= Application Layer
= System Software
= Hardware Layer
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MIPS Assembly

move $t0, $tl

add $t0, $zero, $tl

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

Iw $t0=4($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.

Sddres Bus (lower 2 bits) 556 x 4
X
Address Bus (upper 7 himﬁ ROM

AB:14 J,r'lr | AB:141 AU

Memory 3 A
Microprocessor Latch l 5![%% 1 DD —
- = AD:7 b A
(Mﬂmmla 6811) [HC3I73) ) number 2 .
AS (32K static RAM) A D, — 4-bit
/ ¥ = DO0:7 3 D. L result
ADO:7 - P —— A 2
Multiplexed o= — ™y
Address/Data bus (2 bits) A D3 I

Second | —f%s
E_R/~W AS “~ddress Strobe” signd 4-bit A

number | — Mg
Fead/M\ite cortrd line A

— A

Enable
Izmir Institute of Technology Computer Architecture



FPGA Design

1/O Cell—, Wire Segments Logic Bleck

A field-programmable gate array is a semiconductor
i III Il

||
device containing programmable logic components [ ]
called  "logic ~ blocks", and  programmable e b 8 S
interconnects. Logic blocks can be programmed to #
perform the function of basic logic gates such as -
AND, and XOR, or more complex combinational H
||

functions such as decoders or simple mathematical M R T
functions. In most FPGAs, the logic blocks also SE[CH sSHCE sHHCE s
include memory elements, which may be simple flip- N [u mimiiile
flops or more complete blocks of memory. 01 ) D

A classic FPGA logic block SN 5= RN B x

consists of a 4-input lookup 2 «jj:-él\—j—%b{;f—z . I_l .

table (LUT), and a flip-flop: N (S ARG T4 e 11

0—Ff > S0
jo tput RS

£ — 4-input 1 12LPY | — —

:L::anok-Up 2 D Flip-—

c Table | Clock |Flop 01 2 3 001 2 3

E a) 8 block detail. b) C block detail
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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:

sMicroBlaze
sNios II
Processor Developer Open Source Bus Support Notes Project Home

MicroBlaze | Xilinx no OPB, F5L, LMBE Xilinx MicroBlaze &
PicoBlaze | Xilinx no Xilinx PicoBlaze &'
Mios, Mios |l |Altera no Altera Mios || &
Cortex-M1 | Arm no [1]&
Mico32 Lattice yes LatticeMico32 &7
AEME Shawn Tan yes Wishbone MicroBlaze EDK 3.2 compatible Verilog core | AEME &
OpenFire  |Vinginia Tech GCM Lab yes OPB, FSL Binary compatible with the MicroBlaze VT OpenFire &
PacoBlaze |Pablo Bleyer yes Compatible with the PicoBlaze processors |PacoBlaze &
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]VLPabs

' “000” & IR4-0 input
PCload e sub + Asel1-0 R
Reset __ | l
B B B
0000 ALUSel-0 S jALU
— 01 F
jmpMux
i | u :
i " ' we 32x8 RegFile
0001 IR3-0 we
IR4-0 rbe «—— rhe
Adr
writeAcc .
A7-0 D7-0 ——— »writeAcc
Acc B
256x%8
ROM |
opfetch CsS u - T
+— Reset
| !
IR — |IRload IR4 output
«— Reset
[ -+ ALUSel
IR4-0
IR7-5 clk L+ Asel
reset ——  writeAcc
Aeq —  IRload
Control — PCload
Unit L+ Oload
————  jmpMux
——— opfetch
——» We
——» rbe
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~Implementation in VHDL

24 use ieee.std logic 1164.all:
25 use ieee.std logic unsigned.all;
26 use ieee.nuweric std.all:

27

28 entity datapath is port|

29 clk: in std logic:

30 reset: in ztd logic:

31 input: in std logic wector (Y downto 0);
32 output: out std logic vector (7 downto 0);
33 —— status signals

34 hegl: out std logic;

35 IROut: out std logic vector (7 downto 5):
36 —— control =signals

37 ALTTSel: in std logic_wvector (1l downto 0);
38 Asel: in std logic wector(l downto 0);
39 writeleoo: in =std logic:

40 IRload: in std logic:

41 PCload: in std logic:

4z Oload: in std_logic;

43 JropMux: in std_ logic;

44 opfetch: in ztd logic:

45 we: in std logic:

46 rhe: in std logic);

47 end datapath;

45

49 architecture imp of datapath is

50

51 signal dp ROMData, dp_ IR, dp IRZ, dp ALT Out: std logic wvector (7 downto 0);
5z signal dp_PC, dp_FCnext, dp_idder_ oOut: std logic_wvector (7 downto 0O);

53 signal dp_regfile A, dp regfile E: std logic_wector (¥ downto 0);
&4 signal dp wuxd Out: std logic wvector (7 downto 0):

55 signal dp muxZ Out: =std logic vector (3 downto 0);

56 Signal dp muxzd Outd: std logic wvector (Y7 downto 0 ;

57 signal £ unsigned overflow: std logic;

=] signal sub_jmp: std logic:

58

&0 begin

51 Aegl <= dp_regfile A({0) or dp_regfile A{l) or dp_regfile A{Z) or dp regfile A(3)

62 or dp_regfile Ai4) or dp regfile A(5) or dp_regfile A(6) or dp regfile A(7);

63 dp IR2 <= "0O00" & dp IR{4 downto 0):

64 EBus_3Zelect: entity work.wuxd4 port map(isel, dp regfile B, Input, dp IRZ, dp regfile &, dp_ruxd Out):
55 Instruction Register:entity work.IR port mapiclk, reset, IRload, dp ROMData, dp IR):

56 ProgramCounter: entity work.PC port map(clk, reset, PCload, dp PCnext, dp PC):

67 PC_HMux: enticy workK.mwuxzZ port map (JjmpMux, 700017, dp_IR(3 downto 0], dp mwuxiZ_oOut):

(=1=] dp wux2 oucd <= "O0007 & dp mwux2 Ouc;
59 sub_jmp <= JwpMux and dp IR(4):

70 Adder 8 bit: entity work.addsub8 pc port map(dp PC, dp muxZ Out8, dp PCnext, sub_jmp):

71 ProgramMemory: entity work.rom 256_8 port map(opfetch, dp PC, dp_ ROMNData);

Tz FegisterFile: entity work.regfile port mapiclk, reset, we, writelceo,

73 dp_IR(4 downto 0], dp ALU Out, rhe, dp regfile A, dp regfile Ej:
74 ALUS: enticy work.ALU port map (ALUZel, dp mwuxd Ouc, dp regfile E,

75 dp ALU Out, £ unsigned overflow);

7o CutputRegister: entity work.OReg port map(clk, reset, Oload, dp_regfile B, output);

77 IROut <= dp_IR(7 downto 5):
78 end imp:
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Running the CPU

ftestiprocessorfcontrolunit/clk I I I I I I I I I I I I I I I I I I I I I I I

ftest'processor/controlunitiresst

ftest/processoninput 00000100

Mestiprocessorfoutput 00000000 foono1o1o

ftest’processor/controlunit'asgl

Mfestiprocessorcontrolunitir 111 J000 101 1100 1000
ftest/processorcontrolunit/alusel 11} {00 } {00
ftestiproceszon/controlunit/asel "I'I_Ir {11 } I|11

Restiprocessor/controlunit'awriteace

ltest/processorcontrolunitirioad _|—| I—I I—I I—I
festiprocessorfcontrolunitpelcad _I—I I—I I—I I—I
ltest/processorcontrolunitioload |—|
ftestiprocessor/controlunitjmgmunx I—I
ltestiprocessaricontrolunitiopfeich _I—I I—I I—I I—I
Mtestprocesson/controlunitive I—I Ii
ftestiprocessorfcontrolunitirbe | 1
ftestiprocessoricontrolunitstate s_sufs fetch |s decode | store | fetch |z decode = inz [s fetch [z decode  [s out Is fetch [s decode s store

Kestiprocessoricontroluniticlkeount == J01011110__J01011111__J01100000__]01100001__J01100010__J01100011__J01100100__J01100101__)01100110__J01100111__J01101000__ 01101001 _
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