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CSE 502:
Computer Architecture

Instruction Commit
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A Commit is typically the last stage of the pipeline

A Anythinganinsn doesat this point iSrrevocable
I Onlyactionsfollowing sequentiaéxecutionallowed

I E.g.wrong path instructions may n@ommit
A Theydo not exist in the sequential execution
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EverythingShould Appear hOrder

A 1SAdefines program executioim sequential order
A Tothe outside, CPUnhust appear to executm order

When is someone looking?
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A When OS swaps contexts
i OSsavesth® dzZNNB Y i LIN2 INI Y &U0F § S
I Allows restoring the state later

A When programhas a faul{e.g.,pagefault)
i OSsteptnandaf 22 11a & KS & CstERNB Y U €
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Implementation in the CPU

A ARF keeps state corresponding to commitieshs
I Commit from ROB happens in order
I ARF always contains some RF state of sequexigiution

A2 K2SOSNJ glyada G2 atftz221¢
I What aboutinsns that executedut of order?
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Only the Sequential PakMatterns

Sequential

View of the State of the Superscalar
Processor Out-of-Order Processor
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View of the Unified Register File

| f you nkea to O0see
register, yougo through SRAT
the aRATfirst.
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View of Branch Mispredictions

Wrong-path instructions
are flushede

architected state has

never been touched

Fetch correct path
instructions

Which can update the
Mispredicted architected state when
Branch they commit
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Committinglnstructions (1/2)
AawSUANBE Gao al/ 2YYAUE
I Sometimegpeople use this to mean the same thing

I Sometimeghey mean different things
A Checkthe context!

A Insn commitsbyY I { Ay 3 €dishbRF S O &
i (A)RF, Memory/$>C
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Committing Instructions2/2)

A When aninsn executesit modifies processor state
I Updatea register
I Updatememory
I Updatethe PC
Ac2 YI 1S aSTFSOU &dluesdA a4 A0 f
I Valuefrom PhysicaRegto ArchitectedReg
I Valuefrom LSQ to memory/cache
I Valuefrom ROB to Architected PC
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Blocked Commit

A To commit Nnsns per cycle, ROB needs N ports
I (inaddition to ports for dispatch, issue, exec, and WB)

Can ot ROBentriesantil all in block have
commi tted. Canot C O

SIWWOI Inoj 10}
suod peal 1no4H

One wide read port

Reduces cost, lowers IPC due to constraints.
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Faults

A Divideby-Zerg Overflow, Pag&ault
A Alloccur at a specific point in execution (precise)

DBZ!
I : Trap?
DB7! — (when?)

Trap Divide may have executed
before other instructions
due to Oo0 scheduling!

w\/l

(resume execution

CPU maintains appearance of sequential execut
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Timing of DBZ Fault

A Need to hold on to your faults

On a fault, flush the
machine and switch ROB
to the kernel

RS

ITWHW

Architected
State

Let earlier instructions commit

Thearch. state is the same
as just before the divide executed
in the sequential order

Now, raise the DBZ fault and
Just make note of the fault, when you switch to the kernel,
but dondt do a neyerythingagpedrsyag itshould
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Speculative Faults
ACldz 6a YAIKG y20G 0SS FI dz

ROB

Branch
Mispredict
DBZ!

(flush wrongpath)

The fault goesaway

Which is what wewant,since in a
seqguential execution, the wrorgath divide
would not have executed (and faulted) |

Buffer faults until commit to avoid speculative faul
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Timing of TLB Miss

A Store must reexecute (orre-commit)
I Cannotleave theROB

= TLB miss

Trap

—1

—1
== Walk pagetable,

- may find a page fault
—1

- .
(resume execution —  Reexecute
store

Store TLB miss can stall the core
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Load Faults are Similar

A Load issues, misses in TLB
I eren load |vs oldegt, switch to kernel for palgé)le yvaIkA
XO2dzt R 0S LI AYTFdzE T GKSNB |
A Modern processors use hardware paigéle walkers
I OS loads a few registers with PT information (pointers)
I Simple logic fetches mapping info from memory
I Requires pag#able format is specified by the ISA
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Asynchronous Interrupts

A Some interrupts are not associated witlsns
I Timerinterrupt
i /Ointerrupt (disky SG 62NJ] = SGOX0
I Lowbattery, UPS shutdown
A2 KSYy GKS /t! d4dy2lddac |

+«— Key
Pressed
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Two Options for Handling Async Interruy

A Handle immediately
I Use current architected state and flush the pipeline

A Deferred

| Stop fetching, let processor drain, then switch to handler
A What if CPU takes a fault in the mean time?

Ve ~
()

A2 KAOK OIFYS aFANRUOUEZ (K I aéyOd
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StoreRetirement (1/2)

A Storesforward tolater loads(for same address)
I Normally, LSQ provides this facility
can provide the

D$
E)
correct value

At commit, store After store has left
Updates cache the LSQ, the D$
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Store Retirement4/2)

FYy QUG FTNBS untflwritefstichdB Sy i
I Enables forwarding until loadsn getvaluefrom cache
A Have to recheck TLB when doing write
i TLB contents at/=xecute were speculative
A Store may stajgommit for a long time

i Ifid KSNE
i fiKS

d

Dondt we check -
address computation anyway?
Do we need to do it again here?

All instructions may have successful
executed, but none can commit! |
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WritebackBuffer (1/2)

A Want to get stores out of thevay quickly

Even ifstore misses in
cache, enteringVB buffer
counts as committing.

Allows otherinsnsto commit.

WB buffer is part of the cache
hierarchy. May need to provide
valuedo later loads.

WB Buffer

Eventually, the cache
update occurs, the WB
buffer entry isemptied.

Cachecan now
provide the correctvalue.

Usually fast, but potential structural hazard




q\\\\ Stony Brook University CSES502: Computer Architectur

WritebackBuffer (2/2)

A Stores enter WB Buffer in program order

A Multiple storescan exist to same address
i Onlythe laststore is6t A A A 0 f S¢

No one can O0Oseed6 this

next to write

oldest «——
to cache

youngest
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Write CombinindBuffer (1/2)

A Augment WBB to combinerites together

Addr Value

Only onewriteback
Now instead of two

If Stores to same address, combine the writes
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Write Combining Buffef2/2)

A Can combine stores to same cache (1 [SI—

can serve multiple

$-Line original store
Addr Cache Line Data instructions

" Benefit: reduces caché
traffic, reduces pressur

on store buffers




