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Decoupled execution model for bundled (paired) instructions
The state diagram depicts the model for a dynamically scheduled, speculative execution microarchitecture equipped with a Reorder Buffer (ROB) and a set of Reservation Stations (RS). The ROB and RSs are allocated during the ISSUE phase, denoted as RAT (Register Alias Allocation Table) in INTEL microarchitectures, as follows: a bundle (2 instructions) if fetched from the QUEUE of decoded instructions and ISSUED if there is a couple of consecutive entries in the ROB ( head and tail of the ROB queue do not match); a maximum of two instructions are moved into the RS (if available) when all of their operands are available. Access memory instructions are allocated in the ROB and then moved to a load/store buffer (if available) when operands (address and data, if proper) are available .
States are labelled as follows:
WO:	Waiting for Operands (at least one of the operands is not available)
RE:	Ready for Execution (all operands are available)
DI:	Dispatched (posted to a free RS or load/store buffer)
EX:	Execution (moved to a load/store buffer or to a matching and free UF) 
WB:	Write Back (result is ready and is returned to the Rob by using in exclusive mode the Common Data Bus CDB)
RR:	Ready to Retire (result available or STORE has completed)
CO:	Commit (result is copied to the final ISA register)
State transitions happen at the following events:
 from QUEUE to WO:	ROB entry available, operand missing
from QUEUE to RE:	ROB entry available, all operands available
loop at WO:	waiting for operand(s)
from WO to RE:	all operands available
loop at RE:	waiting for a free RS or load/store buffer
from RE to DI:	RS or load/store buffer available
loop on DI:	waiting for a free UF
from DI to EX:	UF available
loop at EX:	multi-cycle execution in a UF, or waiting for CDB
from EX to WB:	result written to the ROB with exclusive use of CDB
from EX to RR:	STORE completed, branch evaluted
loop at RR:	instruction completed, not at the head of the ROB, or bundled with a not RR instruction
from RR to CO:	bundle of RR instructions at the head of the ROB, no exception raised
Resources
Register-to-Register instructions hold resources as follows:
ROB: from state WO (or RE) up to CO, inclusive;
RS: state DI
UF: EX and WB
Load/Store instructions hold resources as follows:
ROB: from state WO (or RE) up to CO, inclusive;
Load buffer: from state WO (or RE) up to WB
Store buffer: from state WO (or RE) up to EX (do not use WB)
Forwarding: a write on the CDB (WB) makes the operand available to the consumer in the same clock cycle. If the consumer is doing a state transition from QUEUE to WO or RE, that operand is made available; if the consumer is in WO, it goes to RE in the same clock cycle of WB for the producer.
Branches: they compute Next-PC and the branch condition in EX and optionally forward Next-PC to the “in-order” section of the pipeline (Fetch states) in the next clock cycle. They do not enter WB and go to RR instead.
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