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Shelving

Shelving is an advanced issue mode which is employed
to eliminate issue blockages due to dependencies.
Shelving makes use of dedicated instruction buffers,
called shelving buffers, in front of each functional or
execution unit (EU).

e Shelving decouples dependency checking from the
instruction issue. More precisely, instructions are
issued to sheving buffers without any checks for
data or control dependencies or for busy EUs.

e Nevertheless, certain constraints can restrain the
processor to issue fewer instructions in a cycle than
1ts 1ssue rate.

[Processors which use shelving usually employ in-order, aligned issue.]
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In the absence of hardware
constraints, instructions will be
issued to shelving buffers
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Shelving

Processors which use shelving predominantly employ the
advanced superscalar issue policy. This means shelving
is usually employed in connection with:

e speculative erecution which eliminates execution
blockages due to unresolved control dependencies;

e register renaming which removes false dependencies.

Therefore, only true dependencies (RAWSs) can prevent
instructions held in shelving buffers from being executed.

Shelving is also used in connection with a method of retaining sequential
consistency called instruction reordering. Since the number of
instruction available for execution is increased by the number held in

shelving buffer, shelving makes processing more distributed.
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Shelving
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Scope of Layout Operand fetch Instruction
shelving of the shelving policy dispatch scheme
buffers

Scope of Shelving

Partial shelving is when shelving is restricted to one or
to a few instruction types. This is an incomplete
solution to the problem of eliminating issue blockages
due to dependencies, so most recent superscalar
processor use full shelving.
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Layout of Shelving Buffers

Shelving buffers hold instructions from their issue until
they are forwarded to an EU. They have three major
aspects:

e their type — the most common implementation is
standalone shelving buffers or reservation stations
which are used exclusively for shelving, or combined
buffers which are used for shelving, renaming and
reordering;

e their capacity — the number of shelving buffer
entries (typically between 15 and 50 in recent
processors); and

e the number of read and write ports.
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PowerT (1990) ES/9000 (1992p) PentiumPro (1995)
Nx586 (1994) Power2 (1993)
PowerPC 603 (1993) R10000 (1996)
PowerPC 604 (1395) PM1 (Sparc64) (1995)
PowerPC 620 (1996)
Am29000 sup. (1995)
K5 (1995
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Combined buffer for shelving, renaming and reordering

From decode/issue

Also designed as DRIS
(Deferred scheduling, Register renaming,
Instruction Sheive}

Reorder buffer which is also used
for renaming and shelving

Lightning (1991p)
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Operand Fetch Policies

Closely connected with shelving is the policy governing
how processors fetch operands:

e The issue bound operand fetch policy means that
operands are fetched during instruction issue and
therefore the shelving buffers have to provide entries
long enough to hold the source operands.

e The dispatch bound operand fetch policy fetches
operands during dispatching and so the shelving
buffers need only contain short register identifiers
instead of the long operands.
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Comparing Operand Fetch Policies

e If operands are fetched during instruction issue, the
register file must be able to supply operands for all
of the issued instructions at the same time.
Assuming two source operands per instruction, the
register file requires twice as many read ports as the
maximum 1ssue rate.

e If operands are fetched during instruction dispatch,
ideally the number of read ports should equal the
dispatch rate. However, the maximum dispatch rate
is usually higher than the maximum issue rate.

The dispatch bound policy has two advantages over the
issue bound one: the critical issue/decode path is
shorter; and the shelving buffer less complex.
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Type of shelving bufler and operand fetch policy

P

Btandslone shalving bufters Combined shelving buffers

Ressrvation stations (R8)) with renaming and
\7 reardaring (ORS)
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BawerT (1990) PowerPC 503 (1993) E5/0000 (1992p)  PM-1 (1995} PentiumPRo (1995  Lightning (1991p)
Nx586 (1994) PowerPC 604 (1995} Power 2 (1993) {Sparct4)

PowerPC 620 {1996) R10000 (1996}

Am 29000 sup. (1995)

K5 (1895)
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Instruction Dispatch Schemes

49

Instruction dispatch can be broken down into two basic

tasks:

1. Scheduling the instructions held in a particular

reservation station for execution; and

2. Disseminating the scheduled instruction(s) to their

allocated EU(s).

instruction dispatch scheme

hﬂ
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Dispatch Dispatch Scheme for Traatment
policy rate checking the of an empty
availability raservation
of operands station
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vt

Dispatch Policy

Dispatch policy may be considered as a scheduling
policy consisting of the following three components:

e The Selection Rule specifies when instructions are
executable. Assuming register renaming, speculative execution
and the availability of the EU, those instructions whose operands are
available are executable (this is known as the dataflow principle of
operation). In other cases, the rule must include further dependency

checks.
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Dispatch mvo__o%A cont)
e The Arbitration Rule is needed when there are more
executable instructions than can be disseminated in
the next cycle. Most processors use a rule that chooses “older”

instructions before “newer” ones.

e The Dispatch Order determines whether a
non-executable instruction prevents all subsequent
instructions from being dispatched.

(Similar to issue order.)
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Dispatch order
In-order Partialy Out-of-order
dispatch out-of-order dispatch
dispatch
Shelving Shalving
buffer buffer
A non-executable Nan-executable instructions A nan-gxecutable
instruction blocks the belonging to particular instruction does not
dissernination of instruction types block the block the dissemination
subzaquant instructions dissemination of all other of subsaguent executabla
subsequent instructions, instructions
but cthers do not
Power! (1990} ~———3» Power2 (1003)’ 360/91 (1967)
Lightning (1931)
FowerPG 603 (1993) = PowerPC 604 (1995) ES/9000 (1992p)
PowerPC 620 (1996)° PM1 {1995)
NX586 (1904) PentiumPro (1995)
R10000 (1996)
AmM28000 sup. {1995} PA BOOO (1996)

-
Ferformancs, trend

1 In the Power2, only a singla pending (nat executable) FP instriction can be skipped.

2 put-of-order dispatch from the three integer reservation stations, but In-crder dispatch from the Branch,
1 oad/Store and FP reservation stations.

9 Qut-of-order dispatch from the three integer and Load/Stora raservation stations, In-order dispatch from
the Branch and FP reservation stations.
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Dispatch Rate

Unlike individual reservation stations, a group or central
reservation station, or a DRIS, must be capable of
dispatching more than one instruction in each cycle.

The number of instructions that can be dispatched from
each of the reservation stations, or from the DRIS, per
cycle is the dispatch rate.

Ideally, a shelving buffer must be capable of dispatching
one instruction to any EU connected to it in each cycle.
Obviously this is easier to achieve for group stations
with two to three EUs than for a central station or a
DRIS with a considerable number.
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Why Higher Dispatch Rates

The motivation for setting higher dispatch rate than
issue rates is the following. Shelving allows the
maximum number of instructions, as specified by the
issue rate, to be issued in most cycles. However,
complex instructions such as division, square root
calculation etc., cannot be started immediately one after
the other. Thus, for a balance of instruction issue and
dispatch, the processor should be capable of dispatching
more instructions to avaliable EUs than it issues to the
shelving buffers per cycle.
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Checking Availability of Operands

Irrespective of the operand fetch policy, the availability
of operands needs to be checked in two scenarios:

1. when they are fetched from the register file, a
scheme is needed to check whether the requested
contents are available; and

2. during instruction dispatch, a scheme is needed to
check whether all the operands of the instructions
held in the shelving buffers are available.

A technique known as scoreboarding is generally used to
indicate the availability of register operands.
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Scoreboarding
A scoreboard is actually a status register consisting of

one-bit entries. Each bit may be envisioned as a one-bit
extension of the corresponding register which indicated
whether or not the associated data is valid.

e When an instruction is issued or dispatched, the
scoreboard bit of the corresponding destination
register is reset. This indicates to all subsequent
instructions requesting the contents of the register
in question that its value is not yet available.

e Once the instruction has executed and the result is
written into the register, the corresponding
scoreboard bit is set. Now the register contents are
available to all requesting instructions.
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Schemas for checking the availabifity of operands
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Extensions to the Basic Scenario

o If multiple reservation stations exist, their updating
must be done globally, i.e. all results must be
forwarded, along with their identifier, to any
reservation station.

— As many result buses are required as there are
EUs operating in parallel.

e In the case of split register files, operand fetching
and updating are separated into distinct fixed (FX)
and floating point (FP) parts.
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Extensions to the Basic momsmioA cont)
e Multiple availability checks are required for group or
central reservation stations.

e For out-of-order dispatch, register renaming is
required and all instructions in the reservation
station have to be checked in parallel. Furthermore,
in the direct checking scheme the scoreboard bits
belonging to the destination registers of the issued
instructions have to be reset during instruction issue
rather than instruction dispatch.
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Treatment of an

empty reservation station (RS)

Straightforward
approach

At least
RS ohe-cygcle stay
in the RS

Nx586 (1994)

61
Bypassing
Bypassing
RS if RS
s empty

PowerPC 604 (1995)
PMT1T (Sparc64, 1995)
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Typical Dispatch Schemes

Typical solutions used for the various aspects of the
design space are:

e Most recent superscalar processors employ register
renaming and speculative execution. Thus, the
dataflow selection rule is used most often, with the
oldest instruction chosen if arbitration is needed.

e Operand availability is checked using one of the two
methods described earlier depending on when the
operands are fetched.

e An empty reservation station is usually bypassed.

e With respect to the dispatch order and dispatch
rate, three typical approaches can be identified.
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Typical approaches in dispatching

Straightforward Enhanced straight- Advanced
dispatching forward dispatching dispatching
In order Out of order (partially) Out—of-order
3Single instr./cycle Single instr./cycle MLuiltiple inst./cycle
Certain processors Advanced processors Processors using
using indivichital R3S, using individual RSs, group or central
such as the such as the ASs, or a DRIS
Power1{199(0) =—— Power? (1983} Lightning (1931p)
PowerPC 603 (1993) e ﬁzﬁfﬁ gg‘é g;ggﬁﬁ P17 (1995)
PentiumPro (1995)
Nx 586 (1995)

Am29000 sup. (1985}

PABDOGF (1996)
R10000 (1996)

-

Performancs, trend

TExcept for the Address-reservation station, which can dispatch
only 1 instruction/cycle to either the general FPU or the FP Divider

ZExcept for the Address-reservation station, which can dispatch only
1 instruction/cycle

RS: Reservation station
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Straightforward Dispatching

e Instructions are dispatched one at a time.

e An instruction that is not yet executable blocks
further dispatching.

e Some processors which use individual reservation
stations employ this simple but inefficient approach.

e The efficiency can be increased by introducing
out-of-order dispatching for particular reservation
stations. This is called enhanced straightforward
dispatching.
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Enhanced Straightforward Dispatching

e Subsequent instructions can bypass an instruction
that is not yet executable.

e Obviously this results in a performance increase
over the basic approach.

e This approach is typically employed in advanced
processors using individual reservation stations.
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Advanced Dispatching

e Is the most powertul.

e It allows out-of-order dispatch and is capable of

forwarding multiple instructions per cycle to
available EUs.

e This policy is employed in processors with group
reservation stations, a central reservation station or

with a DRIS.
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