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Tw o x8 6  Cores Tuned for  Target  Markets

“Bulldozer”

Performance & 
Scalabilit y

“Bobcat ”

Flexible, Low 
Power & Small

Mainst ream  Client  and Server  Markets

Low  Pow er
Markets

Sm all
Die Area

Cloud Clients 
Opt im ized
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“Bulldozer” x8 6  Architecture: 
AMD’s Latest  Leap Forward

 Two t ight ly linked cores share 
resources to increase efficiency

 I SA extensions, including FP “FMAC”

 Extensive new power efficiency and 
management  innovat ions

 Designed for knee-of- the-curve I PC 
features and low gates/ clock

 2011 desktop and server
Shared L2 Cache
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Approaches for  Support ing Mult iple  Threads

SMT

• Force two threads 
into one core

• Threads com pete  
for resources

• Relies on under-
ut ilizat ion 

CMP

• Dedicated cores for 
each thread

• Tradit ional brute 
force approach

• Each core is over-
provisioned

However, there is another way . . .
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Bulldozer Concept

Star t  w ith 2  cores:

 Fully-capable core perform ance level

Share hardw are w hen:

 Usage is naturally bursty for a single 
thread

 Lit t le im pact  on t im ing and com plexity 
of cr it ical paths

 Benefit  from  increasing am ort ized 
bandwidth

I nvest :

 I ncrease shared bandwidth/ capacity

 Aggressive features to benefit  both 
threads

– E.g. data prefetch
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Bulldozer
W hat  it  is:
 A m onolithic dual core building block that  

supports two threads of execut ion

How  it  w orks:
 Shares latency- tolerant  funct ionality
 Sm oothes bursty/ inefficient  usage
 Dynam ic resource allocat ion between threads

Custom er Benefit s:
 Greater scalability and predictability than two 

threads sharing a single core
 Throughput  advantages for m ult i- threaded 

workloads without  significant  loss on serial 
single- threaded workload com ponents

 When only one thread is act ive, it  has full 
access to all shared resources

 Est im ated average of 80%  of the CMP 
perform ance with m uch less area and power *

Shared L2 Cache

“Bulldozer”
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Core Microarchitecture – Shared Frontend

 Decoupled predict  and 
fetch pipelines

 Predict ion-directed 
inst ruct ion prefetch

 I cache:  64K Byte, 2-way

 32-Byte fetch

 I TLBs:  

– L1:  72-
ent ry, FA, m ixed page 
sizes

– L2:  512-ent ry, 4-
way, 4K pages

 Branch fusion
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Core Microarchitecture – Dedicated Cores

 Thread ret ire logic

 PRF-based register 
renam ing

 Unified scheduler per core

 Way-predicted 16K Byte 
L1 Dcache

 DTLB:  32-ent ry fully 
associat ive

 Fully out-of-order ld/ st

– 2 128-bit  loads/ cycle 

– 1 128-bit  store/ cycle

– 40-ent ry Load queue
24-ent ry Store queue
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Core Microarchitecture – Shared FPU

 Co-processor organizat ion

 Reports com plet ion back 
to parent  core

 Dual 128-bit  FMAC pipes

 Dual 128-bit  packed 
integer pipes

 PRF-based register 
renam ing

 Unified scheduler ( for both 
threads)
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Core Microarchitecture – Shared L2

 16-way unified L2 cache 

 L2 TLB and page walker

– 1024-ent ry, 8-way

– Services both I -side and 
D-side requests

 Mult iple data prefetchers 
(m ore on this later)

 23 outstanding L2 cache 
m isses for m em ory system  
concurrency
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Predict ion - Directed I nst ruct ion Prefetch

 Predict ion Pipeline is free to run 
ahead and fill the predict ion queue 
(per thread)  

– Produces sequence of future RI Ps

– Only back-pressure is via full 
predict ion queue stall

 I nst ruct ion Fetch pipeline uses 
future RI Ps to check for future 
m isses in the shadow of a dem and 
m iss

– Overlaps inst ruct ion m iss 
requests to L2/ m em ory

 Large L1 +  L2 BTB capacity 
captures footpr int

Fetch Queue

Icache
Tags

Prediction 
Queue

(per thread)

L2 BTB

L1 BTB

64K ICache

Fetch 
Logic

Non-sequential 
Instruction Prefetch
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Mult iple  Data Prefetchers

 Aggressive St r ide-based data prefetchers

– Large num ber of st r ides

– Large st r ide size

– L1 and L2 predictors

 Non-st r ided data prefetcher 

– Captures correlated data accesses that  don’t  have fixed st r ide 
relat ionship

 Robust  perform ance character ist ics

– Applicability to wide range of client  and server workloads

– Backoff/ throt t ling m echanism  under heavy dem and load
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Thread Cont rol and Select ion Mechanism s

Each core is logical processor from viewpoint  of software

Req Q

RetQsSC Q

SC Qs

Vertical MT

Single Thread

SMT/ thread agnostic

FP 
backend

L2/CU

Core

Core

FP
frontend

FP
Execution

uopQIBB

BP
Thread
domain

IF 
thread
domain

Decode
thread
domain

Dispatch 
thread 
domain

PredQ



|  Hot  Chips |  August , 20101 4

Bulldozer I SA and Feature Extensions

 I nst ruct ion Set  Extensions

– SSE 4.1 and 4.2

– AVX 
 256-bit  YMM registers

 Non-dest ruct ive source operand capability 

 AES subset

 FMAC subset  (AMD 4-operand form)

– XSAVE state space m anagem ent

– XOP I nst ruct ions

 Light  W eight  Profiling ( LW P)

– Low-overhead user- level profiling

– Uses XSAVE state space 

– Stores records for configured events
 I nst ruct ions ret ired

 Branches ret ired
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Pow er Eff iciency and APM
 Start  with inherent ly power-

efficient  m icro-architecture 
and im plem entat ion:

– Dynamic sharing of shared 
resources

– Minim ize data movement

– Extensive clock and power gat ing

 Add act ive m anagem ent  
support :  

– Digitally measure act ivity to 
est imate power 

– Hardware uses higher frequency 
when power lim it  allows

 Support  for chip- level core 
power gat ing

Pow er consum pt ion var ies great ly by w ork load
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* Based on internal AMD modeling using benchmark simulations
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Concluding Rem arks

 Bulldozer at  the heart  of AMD’s 2011 fam ily of 
m ainst ream  and high-perform ance processors

 Major investm ents in
– Power /  Area efficiency

– New I SA support

– Scalability of Cores

– Modular Design Approach

 Significant  im provem ent  in Perform ance/ Wat t / m m 2
– General purpose throughput

– Est im ated average of 80%  of the CMP perform ance with m uch 
less area and power*

– Single- thread perform ance

*Based on internal AMD modeling using benchmark simulations
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