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Power4 Processor Design

» Power4 Floor Plan and Images of the Instruction Fetch (IFU) & L2
Cache Control Units

IFU Image T s TR

Powerd Floor Plan e

» Powerd4 Processor Chip Features
» Two microprocessors, 3-level cache hierarchy
» =30 GB/s (»500 MHz) interconnection fabric
» 2200 signal I/O; 170M transistors
» Configured for 8-way system on MCM

» CMOS 852-S0I technology & copper wiring

» Microprocessor core
» >1GHz clock frequency; 64KB L1 instruction cache
» 64-bit PowerPC for RS6000 & AS400 systems
- Qut-of-order, speculative, 8-issue superscalar design

» Memory sub-system
» 1.5 MB shared L2 caches
» 32 MB off-chipb L3 {on-chip control): Bandwidth > 10GBfs
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Date Inventor: machine Capability Technical innovations
1642 Pascal Addition, subtraction Automatic carry transfer:
complements number represen-
tation
1671 Leibniz Addition, subtraction *“Stepped reckoner’” mechanism
multiplication, division for multiplication and division
1827 Babbage: Difference Polynomial evaluation Automatic multistep operation
Engine by method of finite
differences
1834 Babbage: Analytical General-purpose Automatic sequence control
Engine (never computation mechanism (program)
completed)
1941 Zuse: 73 General-purpose The first operational general-pur-
1944  Aiken: Harvard computation pose computers

Mark I

Figure 1.10 Milestones in the development of mechanical computers.

J.P.Hays: Computer Architecture and Organization, McGraw-Hill, 1978



e

Technologies

Hardware features

Software features

Representative
computers

First
(1946-54)

Second
(1955-64)

Third
(1965-74)

Fourth?
(1975-

Vacuum tubes;
acoustic memories;
CRT memories

Discrete transistors;
ferrite cores;
magnetic disks

Integrated circuits
(SSI and MSI)

LSI circuits;
semiconductor
memories

Fixed-point
arithmetic

Floating-point
arithmetic; index
registers; [O
processors

Microprogramming;

pipelining; cache
memory

Machine language;
assembly language

High-level languages;

subroutine libraries:

batch monitors

Multiprogramming;
multiprocessing;
operating systems;
virtual memory

IAS;
UNIVAC

IBM 7094;
CDC 1604

IBM S/360;
DEC PDP-8

Amdahl 470
Intel 8748

Figure 1.41 Milestones in the development of electronic computers.

J.P.Hays: Computer Architecture and Organization, McGraw-Hill, 1978
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ENIAC (1946)
P2 RS
Philco 4 Transacs-2000 (1958)
SSI/MSI (Small/Medium Scale Integration ~10° fi#l/5 v 7°)
IBM 360 (1964)
LSI (Large Scale Integration 10°~10° 4§/ 5 -~ 7°)
IBM 370 (1970), Intel 4004 (1971), 1 KbDRAM (1970)
VLSI (Very Large Scale Integration 10°~10" 4/ 7)

: ULSI (Ultra Large Scale Integration 107 ~1#l/ 5 » 7)
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Intel Processor Date Max. Clock | Tran- Register | Ext. Max. Caches
intro- Frequency sistors Sizes Data Extern.
duced at Intro- Bus Addr.
duction Size?2 Space
8086 1978 8 MHz 29 K 16 GP 16 1 MB None
Intel 286 1982 12.5 MHz 134 K 16 GP 16 16 MB Note 3
Intel386 DX Processor 1985 20 MHz 275 K 32 GP 32 4 GB Note 3
Intel486 DX Processor 1989 25 MHz 1.2 M 32 GP 32 4 GB (E7]3 63} [ =]
80 FPU
Pentium Processor 1993 60 MHz 3.1 M 32 GP 64 4 GB L1:16 KB
80 FPU
Pentium Pro Processor 1995 200 MHz 55M 32 GP 64 64 GB L1: 16 KB
80 FPU E2= 256 KBior
512 KB
Pentium II Processor 1997 266 MHz 7 M 32 GP 64 64 GB £ 32 B
80 FPU L2: 256 KB or
64 MMX 512 KB
Pentium Il Processor 1999 500 MHz 8.2 M 32 GP 64 64 GB [EAES20GB
80 FPU [E28 052 [ 2]
64 MMX
128 XMM
Pentium Il and Pentium Ill 1999 700 MHz 28 M 32 GP 64 64 GB [Ed=32° 1B
Xeon Processors 80 FPU L2: 256 KB
64 MMX
128 XMM
Intel Date Microarchi- Clock Tran- Register System Max. On-Die
Processor | Intro- tecture Frequency sistors Sizes1 Bus Extern. Caches?
duced at Intro- Band- Addr.
duction width Space
Pentium 4 2000 Intel NetBurst 1.50 GHz 42 M GR: 32 3.2 GB/s 64 GB 12K pop
Processor Microarchi- ERUEE 80 Execution
tecture MMX: 64 Trace
XMM: 128 Cache;
SKBIL1:
256-KB L2
Intel Xeon 2001 Intel NetBurst 1.70 GHz 42 M GPRH52 3.2 GB/s 64 GB 12K pop
Processor Microarchi- FPU: 80 Trace
tecture MMX: 64 Cache;
XMM: 128 8-KB L1;
256-KB L2




Intel Date Microarchi- Clock Tran- Register System Max. On-Die
Processor Intro- tecture Frequency sistors Sizes' Bus Extern. Caches?
duced at Intro- Band- Addr.

duction width Space
Intel Xeon 2002 Intel NetBurst 2.20 GH= 55 M GP: 32 3.2 GB/s 64 GB 12K pop
Processor Microarchi- ERPUE 80 Trace
tecture; MMX: 64 Cache;
Hyper- XMM: 128 8-KB L1;
Threading 512-KB L2
Technology
Intel Xeon 2002 Intel NetBurst 1.60 GH=z 108 M G132 3.2 GB/s 64 GB 12K piop
Processor Microarchi- FPU: 80 Trace
MP tecture; MMX: 64 Cache;
Hyper- XMM: 128 8-KB L1;
Threading 256-KB L2;
Technology 1-MB L3
Intel 2002 Intel NetBurst 3.06 GH=z 55 M G2 32 4.2 GB/s 64 GB 12K pop
Pentium 4 Microarchi- ERUE 80 Execution
Processor tecture; MMX: 64 Trace
Supporting Hyper- XMM: 128 Cache;
Hyper- Threading 8-KB L1;
Threading Technology 512-KB L2
Technology
Intel 2003 Intel Pentium 1.60 GH=z 77 M G 32 32 GB/s 4 GB L1: 64 KB
Pentium M M Processor ERU: 80 L2310 MB
Processor MMX: 64
XMM: 128
Intel 2004 Intel NetBurst 3.40 GHz 1256 M G332 6.4 GB/s 64 GB 12K pop
Pentium 4 Microarchi- ERU: 80 Execution
Processor tecture; MMX: 64 Trace
Supporting Hyper- XMM: 128 Cache;
Hyper- Threading AGRSBI= i
Threading Technology 1 MBIE2
Technology
at 90 nm
process
Intel 2004 Intel Pentium 2.00 GHz 140 M GE: 32 3.2 GB/s 4 GB L= 64 1sB
Pentium M M Processor EFERU: 80 L2: 2 MB
Processor MMX: 64
7553 XMM: 128
64-bit Intel 2004 Intel NetBurst 3.60 GHz 125 M GP: 32, 64 6.4 GB/s 64 GB 12K pop
Xeon Microarchi- ERY: 8 Execution
Processor tecture; MMX: 64 Trace
with 800 Hyper- XMM: 128 Cache;
MHz System Threading AiGEIEBEI
Bus Technology; ENVABFIES
Intel Extended
Memory 64

Technology
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Intel Date Microarchi- | Clock Tran- Register System | Max. On-Die
Processor | Intro- tecture Frequency | sistors | Sizes! Bus Extern. | Caches?
duced at Intro- Band- Addr.

duction width Space
64-bit Intel 2005 Intel NetBurst | 3.33 GHz 675M GP: 32, 64 5.3GB/s4 | 1024 GB | 12K pop
Xeon Microarchi- FPU: 80 (17TB) Execution
Processor tecture; MMX: 64 Trace
MP with Hyper- XMM: 128 Cache;
8MB L3 Threading 16 KB L1;
Technology; 1MB L2,
Intel Extended 8 MB L3
Memory 64
Technology
Intel 2005 Intel NetBurst | 3.73 GHz 164 M GP: 32, 64 8.5GB/s | 64 GB 12K pop
Pentium 4 Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Extreme Hyper- XMM: 128 Cache;
Edition Threading 16 KB L1;
Supporting Technology; 2MB L2
Hyper- Intel Extended
Threading Memory 64
Technology Technology
Intel 2005 Intel NetBurst | 3.20 GHz 230 M GP: 32, 64 6.4 GB/s | 64 GB 12K pop
Pentium Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Extreme Hyper- XMM: 128 Cache;
Edition 840 Threading 16 KB L1,
Technology; 1MB L2
Intel Extended (2MB Total)
Memory 64
Technology;
Dual-core °
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S=0.0
DO  1=1,128
S=S  A(l)

LOADW Rs #FWO0.0
LOADW Rx #IW0

L ADDFW Rs M(Rb+Rx+10)
ADDIW Rx #IW4 /
BRCMPLT Rx #IW512 M(L)
STORE M(Rb+0) Rs
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A(l)
Proc S M,N)
| M=N Then A(M)
Else S(IM\N) S M, M+N /2
S( M+N / N)

S=0.0
DO  1=1,128
S=S  A(l)



/*
*/

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
int SUM(int i,int j);
void main(void)
{int 1,j,k;
Int s;
time t start, finish;
double elapsed time;
time( &start );
for(k=1;k<=10000;k++)
{
s=SUM(1,100000);
}
time( &finish );
printf(" =0%d¥n",s);
elapsed_time = difftime( finish, start );
printf( "¥n %f

elapsed_time);

¥n",



time( &start );

for(k=1;k<=10000;k++)

{s=0;

for(i=1;1<=100000;i++)

S=S+1;

}

time( &finish );

printf(*" =%d¥n",s);

elapsed_time = difftime( finish, start );

printf( "¥n %f
¥n", elapsed_time );}

Int SUM(Int 1,int |)

{if(I==]) return (1);

else return (SUM(I,(i+))/2)+SUM((1+))/2+1,)));

}






R10
0
R11 —*

1.10(b)

R10

2
—

2

R11 \

R11«<—R10 4

R1I0 —

—>

R11

<+« Rl

Rlle— R10( 4
0

—

<« RI11

<« RI11

:
<




BRCMP Compare and Branch
BRCMPE RO R1 A RO=R1 A
BRC Branch on Condition

SUB R2 RO R1 RO=R1 Z=
BRCZ A Z=
BRCR

CMPE R2 RO R1
BRCR R2 A

ADD R3 R2 R1
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C(v) = j°° f(t)exp( —2zjvt)dt

f(t) = j_ooooC(v)exp( 2 zjvt)d v
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C(v) =0 sin zvl
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f(t) = 2v, sin 2zv |, t
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oy Xagexp( v (k'=k) /vy )dv

= ZakVM



f(t):jioOO C(v)exp(27gwt)dv
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