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I nt roduct ion

• Sim ulators com e in m any flavors.

• Som e sim ulators are m icro - architectural sim ulators, and 
som e are inst ruct ion- level sim ulators.

• Som e sim ulators em ulate only the CPU m odel,  and others 
em ulate the whole PC plat form .

• I nst ruct ion- level sim ulators are usually wr it ten in one of three 
different  ways
– Convent ional em ulat ion
– Threaded-code sim ulat ion

– Dynam ic t ranslat ion
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What  is the Sim Now™ Simulator?

• Sim Now™ is a fast  and configurable x86 and AMD64 dynam ically-
t ranslat ing inst ruct ion-level plat form  sim ulator. With Sim Now™, 
users connect  com plex software m odels to form  a full PC plat form
em ulat ion environm ent .  

• We use Sim Now™ to em ulate AMD Athlon™ 64 and AMD Opteron ™
m ult iprocessor system s that  run com m ercial operat ing system s and
applicat ions.  Specifically, AMD and it s partners use Sim Now ™ for:
– BIOS and Device Driver development

– Generat ing state snapshots and event t races for input  to detailed t im ing 
simulators, to support  processor architecture development

– Prototyping software-visible architecture changes
– Non- intrusive and determ inist ic measurement and test ing of software at  

the inst ruct ion-execut ion level

– Modeling of future plat form t radeoffs for correctness and perfor mance 
analysis
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Presentat ion Map

• Overview

• Com parison with Other Sim ulators

• How it  Works

• Dem onst rat ion

• Requirem ents/ Goals/ Uses

• St at us

• Conclusion
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SimNow™ vs. Earlier Simulators

• Sim Now™ is m uch faster than any other x86 sim ulator of 
which we are aware
– I ts speed com es from  using dynam ic t ranslat ion and in not  

at tem pt ing to m odel fine t im ing detail

• Sim Now™ models the ent ire PC plat form .
– Sim Now™ m odels specific chipsets and funct ionalit y of those 

chipsets;  enough to allow unm odified com m ercially-available 
BI OS’s and OS’s to boot  and run correct ly .

• Sim Now™ is configurable, and can em ulate about  a dozen 
different  AMD Athlon™64 and AMD Opteron™ plat form s.

• Sim Now™ is ent irely a user applicat ion
– Sim Now™ does not  require any special dr ivers to be installed on 

the host  m achine
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Simulator Performance

• Approxim ate Slowdowns:
– Rev 1.x (Circa 2002)  of Sim Now ™: 1000: 1
– Typical threaded -code sim ulator: 100: 1

– Rev 2.1 (August , 2003)  Sim Now™: 50: 1
– Current  Sim Now ™: 10: 1 
– Typical Vir tual Machine: 1.5: 1

• Sim ulator  per form ance is cr it ical – it  determ ines how m any 
architectural t radeoffs we can m ake in a f ixed num ber of 
m onths.  A fast  sim ulator  enables the user to do tasks in 
sim ulat ion that  were infeasible with a slow sim ulator.
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Why I s The New SimNow™ So Much 
Faster Than Earlier Versions?

• Previous versions of Sim Now™ CPU m odels em ulated every 
inst ruct ion in C+ +  code.

• New versions of Sim Now™ CPU m odels t ranslate sim ulated 
x86 inst ruct ions to sequences of host  x86 inst ruct ions
– These are called “ t ranslat ions” and are cached and executed
– Decoding phase is like convent ional sim ulators

– Code generat ion phase is new

• Higher per form ance because t ranslat ions are executed m any 
t im es, so decode/ code- gen t im e is am ort ized

• Many features can be added without  slowing down the 
sim ulator  when these features are off
– Convent ional sim ulators slow down even when features are off,  

from  all t he test ing that  winds up in the m ain loop
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Translat ion Caching Example

…

Add  eax,ebx

Mov ( eax) ,ecx

…

Guest  x86 code

Cached Translat ion 
I n Host  Memory

Load host  eax from  m em ory 
hom e for guest  eax value

Load host  ebx from  m em ory 
hom e for  guest  ebx value

Add eax,ebx

Load host  ecx from  m em ory 
hom e for  guest  ecx value

Com pute host  pointer from  
eax ( I .e.,  sim ulate TLB)

Mov ecx to m em ory

Store eax in host  m em ory 
hom e for guest  eax value
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SimNow™ Dem o!

• We will boot  an unm odified com m ercially available BI OS and 
Operat ing Syst em
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SimNow™ I nternals - - Analyzers

• Key feature:  user- writ ten analyzers
– Sm all sequences of st y lized C code com piled to x86 byte st ream
– Dynam ically linked to the sim ulator  to gather stat ist ics and 

generate except ions and perhaps even m odify inst ruct ion 
semant ics

– All t racing and breakpoints can be wr it ten by the user v ia 
analyzers

– Analyzers can be added to var ious points in the sim ulator
• At instruct ion decode t ime
• At except ion processing t ime
• At instruct ion execut ion t ime
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Device Models

• While perform ance of a full- system  sim ulator  is dr iven alm ost  
ent irely by sim ulated processor perform ance, a full- system  
sim ulator requires com plex device m odels in order to 
funct ion.

• We spend m ore effort  on the device m odels than the high 
perform ance processor m odel.

• Sim Now™ m odels num erous devices, including a NI C, a RAI D 
cont roller ,  var ious southbr idges and northbr idges
– but  this is a t iny fract ion of the hardware devices in the m arket .

• Sim Now™ also m odels the m achine check architecture and 
power states of AMD processors.
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General Simulator Requirements

• As high AMD64 perform ance as is pract ical

• Allow users to add I / O m odels and fragm ents of analysis code

• Determ inist ic execut ion
– This is cr it ical to it s usefulness as a software m easurem ent  too l

• Rich scr ipt ing and debugger inter faces

• Abilit y to m odel MP’s and com plex I / O br idges

• Testabilit y ,  in part icular ,  we should be able to com pare 
execut ion signatures with other sim ulators

• Abilit y  to be t ight ly  connected with a t im ing- accurate 
m icrosim ulator
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Non-goals

• Portabilit y to plat form s other than those based on AMD64 
processors
– Long m ode sim ulat ion requires an AMD Opteron™ or Athlon™ 64 

host  running a 64 -bit  OS

• Portabilit y  to OS’s other  than Linux- 64 and Windows- 64
– And we won ’t  support  all versions of Linux and Windows

• Tim ing accuracy (we use a m icrosim ulator  for  that )

• Com plete I / O m odels ( takes too long, not  necessary)
– Som e I / O m odels only m odel 10-20%  of the whole I / O chip
– We m odel what  BI OS’s,  OS’s and applicat ions need, not  everything 

in the specificat ions/ RTL
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Microsim ulat ion On The Cheap

• We do m icrosam pling, a com binat ion of Sim Now™ and a 
t im ing- accurate processor m odel ( sim x) .  Here ’s how it  
works:
– Sim Now™ runs the whole workload, i.e. ,  t he OS +  benchm ark
– Sim x runs for, say, 1m  inst ruct ions every billion inst ruct ions o f 

workload.  So it  executes a sm all fract ion of the total st ream .
– Research result s ( see the “ Sm arts” paper in 2003 I SCA)  show that  

with this technique one can get  perform ance result s that  are wit hin 
1.5 percent  of the result  obtained when one runs the 
m icrosim ulator  on the ent ire workload. 
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Current  Status

• Sim Now™ as of August , 2004:
– Boots and runs Linux-64,  Linux-32, Windows® 2000, Windows®

XP, Windows64, Solar is (32-bit  version) ,  and DOS

– Runs unm odified Phoenix and Award BI OS’s for AMD Athlon ™ 64 
and AMD Opteron™ plat forms

– Runs SpecJBB with sim ulated 1P, 2P, 4P, and 8P configurat ions

– Runs 64 -bit  Linux builds of SPECint2000 and SPECfp2000
– Runs SYSm ark® and Winstone® benchmarks
– Can generate t race files in several form ats

– Provides an interface to several com m ercial debuggers
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Conclusion

• We have built  a new kind of CPU m odel (new, that  is,  t o the x86 
space)
– I t  is about 100 t imes faster than the model it  replaced
– Total system performance improvement varies considerably with workload

• Our goal is to produce the fastest ,  m ost  f lexible, m ost  reliable , and 
m ost  useful x86 sim ulator in the indust ry.  We think we ’ve achieved 
t h is.

• Sim Now™ is available to AMD partners.

© 2004  Adv anced Micr o Dev ices,  I nc.

AMD,  t he AMD Ar row  logo,  AMD At h lon ,  AMD Opt eron ,  and com binat ions t hereof are 
t radem arks of  Advanced Micro Dev ices,  I nc.   Windows is a regist ered t radem ark of 
Microsof t  Corporat ion

Winst one is a regist ered t radem ark  of  Z if f  Dav is,  I nc.
SYSm ark  is a regist ered t radem ark  of  Business Applicat ions Per form ance Corporat ion
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Backup

•
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Slowdown – Key Sim ulator Met r ic

• B(X)  means B runs on X

• Tim e(Y)  m eans t im e to do Y

• Say we run a benchm ark B on sim ulator S, which is 
running on host  H, i.e.,  B(S(H) )

• Tsim ulat or =  Tim e(B(S(H) ) )  

• Thost =  Tim e(B(H) )

• Slowdown is Tsim ulat or :Thost
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SimNow™ I nternals - - Translat ions

• Register - register  operat ions are j ust  copied, 1: 1

• Mem ory operat ions call into 12 to 14 inst ruct ion software TLB 
lookup sequence that  t ranslates the sim ulated v ir tual 
m em ory address to a pointer on the host  m achine

• Com plex inst ruct ions t ranslate to a call sequence – heavy 
lift ing is done in C+ +  code, j ust  like a convent ional sim ulator

• Unit  of t ranslat ion is the basic block, or  shorter

• Most  t ranslat ions are chained to their  successor t ranslat ions, 
reducing the overhead to dispatch in m ost  cases

• Hand- coded assem bly for  the other cases, e.g.,  to f ind the 
successor of indirect  j um ps and returns
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Developing Device Models

• Sim Now™ device m odels are all wr it ten to a com m on 
inter face, and com pile to DLL’s on Windows, or  .so on Linux

• Sim Now™ discovers these DLL’s or  .so’s at  runt im e, and has 
no predeterm ined knowledge about  device m odels

• Therefore, device m odels can be wr it ten by a user without  
knowledge of Sim Now™ internals,  as long as the com m on 
inter face is docum ented and understood

• We have created a Sim Now™ device m odel SDK.  With this 
SDK, a user can create a Sim Now™ device m odel without  
needing the source code for  the rest  of Sim Now™

• We encourage users to develop device m odels as they need 
them .  


