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The Design and Simulation of Out-of-Order Execution
Processor using Tomasulo Algorithm
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Abstract Today, CPUs in general-purpose computers such as servers, desktops and laptops, as well as
home appliances and embedded systems, consist mostly of multicore processors. In order to improve
performance, it is required to use an out-of-order execution processor by Tomasulo algorithm as each
core processor. An out-of-order execution processor with Tomasulo algorithm can execute the available
instructions in any order and perform speculation in order to reduce control dependencies. Therefore,
the performance of an out-of-order execution processor can be significantly improved compared to an
in-order execution processor. In this paper, an out-of-order execution processor using Tomasulo
algorithm and ARM instruction set is designed using VHDL record data types and simulated by GHDL.

As a result, it is possible to successfully perform operations on programs written in ARM instructions.
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Fig. 1. The out-of-order execution processor with
Tomasulo algorithm
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library IEEE;
use TEEE.STD_LOGIC_1164.al1l1;
package poop_pkg is
type TyReserv is record
Busy : std_logic;
Opcode : std_logic_wvector({1 downto 8);
U1 : std_logic_vector(31 downto 8);
U2 : std_logic_vector(31 downto 8);
01 : natural;
02 : natural;
Tag : natural;
fAddrs : std_logic_vector{31 downto 8);
Ualue : std_logic_vector{31 downto 0);
Executed : std logic;
end record TyReseru;
type TyArrayReserv is array (9 dounto 8) of TyReseru;
type TyROB is record
Busy : std_logic;
Opcode : std_logic_wvector{i downto 8);
Ready : std_logic;
State : std_logic_vector{2 downto 8);
Dest : std_logic_vector(3 downto B);
Value : std_logic_vector{31 downto 8);
Addrs : std_logic_vector{31 downto 0);
Hispredict : std_logic;
Eomnit : std_logic;
Squash : std_logic;
Speculative : std_logic;
Link : natural;
end record TyROB;
type TyaArrayROB is array (15 downto 8) of TyROB;

2l 2. TSIt of|FAH|0|Me| VHDL HZEYH XIE1X
Fig. 2. The VHDL record data structures of ROBs and
Reservation Stations
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