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@ Motivation

Given a proposed processor architecture, %

we want to: ¥
» Simulate performance (cycle count) J— -t
 Determine energy usage (Joules) S L

* Investigate SW, compiler, and
architecture changes

Existing simulators — Prohibitively slow or inaccurate



@ SyCHOSYs

SyCHOSys generates compiled cycle simulators
Can optionally track energy usage:
* Exploits low power microprocessor design domain to
obtain accurate transition-sensitive energy models
e Factors out common transition counts
o Uses fast bit-parallel transition counting
» 7 orders of magnitude faster than SPICE (7% error)
* 5 orders of magnitude faster than PowerMill

SyCHOSys can accurately simulate the energy usage of a
CPU circuit at speeds on the order of a billion cycles per day



@ Overview of talk

SyCHOSys Framework
Microprocessor Energy Modeling
Energy Simulation in SyCHOSys
Results

Status & Future Work



@ SyCHOSys Framework
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GCD(x, y) A
1 f (x <vy) return GCI(y, X);
else if (y!'=0) return GCD(X-y, V):
el se return Xx;

}
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SyCHOSys Framework

N-CLK  FF_En<32>} (NextX. out,

N- CLK FF_En<32>}

Mux2<32>

H- DYNAM Sub<32>

H DYNAM Zer 0<32>

H LATCH Lat ch<1>

H LATCH Lat ch<1>
GCDCt r |

Crl. Xen);

( X. out,
Crl.Yen);

(Y. out,
XSubY. out ,
Crl.XMixSel);

( X. out,

Y. out);
(Y.out);
(YZero. out);

( XSubY. si gnbi t);

( XLessYL. out,
YZeroL. out) ;
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SyCHOSys Framework

tenpl ate<int bits>
cl ass Mux2 {
I nline void Eval uat e(
Bi t Vec<bi t s> i nput 0,
Bi t Vec<bi ts> i nput 1,
Bi t Vec<l> select) {
I f (select) out = inputl;
el se out = i nputO;

}

Bi t Vec<bi t s> out;
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SyCHOSys Framework

GCD: : cl ock_rising() {}

GCD: : cl ock_high() {

YZer o. Eval uat e(Y. out) ;

YZer oL. Eval uat e( YZer 0. out) ;

XSubY. Eval uat e( X. out, Y.out);

XLessYL. Eval uat e( XSubY. si gnbi t) ;

Crl. Eval uat e( XLessYL. out,
YZer oL. out) ;

Next X. Eval uat e( Y. out, XSubY. out,

Crl.XMixSel);

}
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GCD: : clock_falling() {

Y. Eval uate(X. out, Crl.Yen);

X. Eval uat e( Next X. out, Ctrl. Xen);
}
GCD: : clock low) {

YZer o. Precharge() ;

XSubY. Prechar ge() ;

Next X. Eval uat e( Y. out, XSubY. out,

Crl.XMixSel);




@ SyCHOSys Framework
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@ SyCHOSys Framework
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 Optimizing compliler
« Component evaluation
calls are inlined



@ Energy Modeling

Power consumption in digital CMOS:
 Dynamic Switching
* Short Circuit Current
« Leakage Current



@ Energy Modeling

Power consumption in digital CMOS:
 Dynamic Switching: around 90%

a*Cioad®Vswing®Voo*!
a switching activity data dependent
Cioad load capacitance varies dynamically
Vswing voltage swing fixed
Vi supply voltage fixed
f clock frequency fixed




&CHOS;

@ Energy Modeling

Power consumption in digital CMOS:
 Dynamic Switching: around 90%

a*Cioad®Vswing®Voo*!
a switching activity data dependent
Cioad load capacitance varies dynamically
Vswing voltage swing fixed
Vi supply voltage fixed
f clock frequency fixed

We simplify our task by taking advantage of our restricted
domain of well designed low power microprocessors



ag Microprocessor Energy

Energy usage in a microprocessor:
* Memory arrays
o Datapaths
e Control



ag Microprocessor Energy

Energy usage in a microprocessor:
* Memory arrays
o Datapaths
« Control

 Extremely regular
« Calibrate models with several test cases:
Accounts for partial voltage swings, effective
capacitance values, etc.
« Estimate energy based on cycle by cycle address
and data trace (3% error)



ag Microprocessor Energy

Energy usage in a microprocessor:

* Memory arrays

o Datapaths

AL

|
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« Control >G

PoF

o>

Determine a and C,,for every node
o Effective C,,,, 1S calculated statically
* als determined based on simulation statistics

Optimizations for determining switching activity:
* Factor out common transition counts
* Fast bit-parallel transition counting
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@ Effective Load Capacitance

)

:C )

5/2 coupling 5/2
.

5/2 —— 5/2

)

SPACE 2D
extractor

Gate and Drain Capacitance
Models

 Characterized using FO4

delays and rise/fall times

Cap J/

\z/\

-




ag Microprocessor Energy

Energy usage in a microprocessor:
* Memory arrays
o Datapaths
 Control

e Synthesized using automated tools — Irregular, hard to model
e Less than 10% of energy in simple RISC designs

 Will become more important in low power designs

 Can be modeled at the level of standard cell gates

« Work in progress



',.-—u

--“ /“‘_\

SyCHO Energy Analysis
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@ SyCHO Energy Analysis

Energy Simulation Energy Statistics Gathering

Counter| |Counter|

Minimal statistics gathering during simulation
Simple to add to SyCHOSys
o Structure of design is explicit
« Values on all nets are cycle-accurate
 Can incorporate arbitrary C++ code

. /) |Nets:
( Capac'tﬁme\falues) » Count transitions during simulation

JWU  Counters generated automatically

4 Ene (‘ﬁlrulﬁhnn ComponentSZ
I Nets |c e el UI  Each component tracks arbitrary per-
N cycle internal statistics

Energy Usage
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@ SyCHO Energy Analysis

~

Energy Simulation

|~ Gounter

Coub

Calc_Stats

\
Y

L

N

.......

d

E ergn»r Usage

Energy Calculation

Use simulation statistics and calculated
capacitance values to compute energy

Nets:
e Multiply switching frequency by
capacitance

Components:
« Each component defines internal
energy calculation routine
 Based on internal statistics, input and
output switching frequencies, and
Internal capacitance values




6*%*%& Energy-Performance Model
Evaluation

Used GCD circuit as an example datapath
« Various component types
(Flip-Flops, Latches, Dynamic)
« Small enough for SPICE simulation
Hand-designed layout (0.25 pm TSMC)
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@ Simulation Speed

Compiler / Simulation

Simulation model Simulation Engine Speed (Hz)
C-Behavioral gcc —03 109,000,000.00
Verilog-Behavioral vcs —03 +2+state 544,000.00
Verilog-Structural vcs —03 +2+state 341,000.00
SyCHOSys-Structural | gcc —0O3 8,000,000.00
SyCHOSys-Energy gcc —0O3 195,000.00
Extracted Layout PowerMill 0.73
Extracted Layout Star-Hspice 0.01

o Alltests run on 333 MHz Sun Ultra-5 (Solaris 2.7)
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Energy Simulation Results
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@ Status & Future Work

Microprocessor simulation:
* Five stage MIPS RISC including caches and exception handling
« Runs SPECint programs
 Most of energy modeling is complete
 Energy simulation of over 2000 nodes at 16 kHz

Future Work:
o Short circuit & leakage current modeling
e Control logic modeling
 Take energy statistics per static program instruction
* Incorporate SyCHOSYys into VLSI tool flow



