548 - Pipelining

Lecture 3
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Intel Pentium 5 Prescott

Trace Cache Access. Instruction Trace Cache

next Address Predict

Buffer Allocation &
Register Rename

Execution Pipeline Start

uOp Queuc
Register Alias History Tables (4x123)
Register Alias Tables

) ot i P

Trace Cache Micro code Sequencer
Fill Buflers Micro code Flash & ROM

" . saaam— ..]-.l di -

Instruction Queue (for less criical

Trace Cache Branch Prediction fields of the uOps )

Table (BTB), 1024 entries. — -y : e SRS gy ] R (R e i X s General Instruction Address Que
Return Stacks (4 x16 entnies) I! il r_4 -' : 16k uOps | | ki .- * & i xm,i':;?;mn':;“&ﬁ:;‘:‘;
Trace Cache next IP's (4x) o 13 (1 — - N B : ficlds of the uOps for scheduling)
£ ' | : 8 way set a5 -
Instruction Decoder ool W e — — uOp Schedulers
! by f! ! o~y Jsrande .
- - 1 _ > } - . n
| BxS12sels, I uControler, ff Parallel (Matrix) Schedules
- of 4 uOps OM - rias * . ] for the two double pumped ALU's
Up to 4 decoded uOps/cycl . " J 123 & . General Floating P
fi . x86 instr/cycle B ‘ oating Point a
%m:::xnsm;mo::\t;\;z fm:r g IE;;-: miparators W , ~ ‘ e Slow Integer Scheduler:
- - —— o e ' (8x8 dependency matrix)
are handled by Micro Sequencer - _'mnvﬁuanap 4
Raw Instruction Bytes in Tl — ' 3 - proeg-4 4 —_—— l FP Move Scheduler:
» a . . .
Data TLB, 64 entry fully : 'mz ﬁgbm < B | - o ¥ : (8x8 dependency matrix)
associative, between threads . - ﬂ . :
; : : Load / Store Linear Address
dual ported (for loads and stores) ' L d I gk P Collision History Table
Front End Branch Predicu tl‘.‘-O-' ’. ..; 13 . : 'I' [————— 3 y ~ Load / Store uOp Schedules
Tables (BTB), shared, 4096 v 4 ||3|—rr —— . : 'S (8x8 dependency matrix)
entries in total L Fol -ngsﬂ-‘” Jo :
Instruction TLB's 128 cotry el R pe————= T ot 40+ SIS Rufihets :
fully associative for 4k and 4M me ses ™ =r Tl o e FP, MMX, SSE1..3
m. In: .Vmual addrcss'[-h.l..] g - 11t ‘ dasa | o] Floa}mg
Out: Physical address [39:12] + S e sndl |, 4 } e 4 Point Floating Point, MMX, 551
2 page level bits N - il cgisters x Renamed Register File
SRRV . 256 entries of 128 bit.
. . : ] - ! l-q-a&
> » - - - - - Flm"n - -
Instruction Fetch ~ [ TT11 ram- |4 Integer Execution Core
: , Multiply
from L2 cache and _1....1. . g [ @ sOp Disptch it & ey i
1t '. : 24 i Dispatches up to 6 uOps / cycle
BranCh PredICtlon 512 By e LA ! 512 y‘e ::::ax;g. (2) Integer Renamed Register File
| ; > L 256 entrics of 32 bit (+ 6 status flags)
- - p L2 Phys - e Py D P 12 read ports and six write ports
| Blgck o ' ' . Blgck :
! : ﬁ (3) Databus switch & Bypasses 1o and
) Bl R *1 TIL from the Integer Register File.
. R i . ! (4) Flags, Wnitc Back
Front Side Bus Inter- ¥ ! ' I - ... (5) Double Pumped ALU 0
- — -

(6) Double Pumped ALU |
(7) Load Address Generator Unat
(11) ROB Reorder Buffer 4x64 cnt: (8) Store Address Generator Unit

. o : (14) Cache Line Read / Write Transferbuffers and (12) 16 kByte Level 1 Data cache (9) Load Buffer ( 96 entries )
Apl’ll 1 9, 2003 WWW.Chlp-arChlteCt.Com 256 bit wide bus to and from L2 cache four way set associative. IR/IW (10) Store Buffer ( 48 entries )
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face, 533..800 MHz [}

(13) Databus multiplexing



Pipelining?

® Where: Breaking computation down into
smaller pieces that can execute

concurrently with other pieces of other
Instructions

® Where: front-end of processor, execution,
retirement; the memory system
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WWhat is a basic processor
pipeline!?

® fetch, decode, reg, exec, mem, writeback
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Pros!?

® Utilize hardware more efficiently

® |ncreases throughput / Increases instruction
level parallelism

® Desigh compartmentalization

Tuesday, October 11, 11



Cons!?

® Increases overall complexity

® Hazards: forwarding, stall (VWaWy,...)
® |Increases size

® Forwarding networks, hazard detection,
® Increases latency

® Branch misspeculation penalty
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Complexities!?

® Can be difficult to split the logic (design
complexity)

® Rollback (miss-speculation)

® Speculative scheduling
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“Limits’’?

® Fixed cost: latch overhead (area, power)
® | oops :“Lose Loops Sink Chips”™

® | oad-use, branch resolution, high-latency
OpS

® Balancing the whole-system design
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