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Abstract

This study provides an experimental assessment of the dynamic behavior of

the optimized Perfect Club Benchmarks for the memory behavior as run on a

Cray Y�MP� The goal of this study is to provide a basis for the generation of

realistic synthetic memory workloads and port utilization estimates for shared

memory machines� An analysis of the optimized data will appear in a future

edition of this technical report�
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� Introduction

This technical report describes the memory access behavior of the optimized Perfect

Club Benchmarks ��
 on a Cray Y�MP� These programs� which have been drawn from

scienti�c and engineering applications� have been developed in a cooperative e�ort

by several universities� research centers� and industry� This report is a companion

to an earlier work �	
 which studied the behavior of the unoptimized version of these

programs�

� Methodology

Two studies of the Perfect Club Benchmarks on Cray systems have recently appeared�

Malony� Larson� and Reed ��
 have developed a tracing facility for the Cray X�MP

and Cray � in which they use Cray compiler support for automatic instrumentation

to dump and analyze hardware performance monitor �hpm� data on exit and entry to

subroutines� This is a general� relatively low�cost technique for obtaining dynamic

information about program behavior� It uses the real time clock for timing and is

therefore susceptible to errors due to multiprogramming� The technique also intro�

duces some overhead� which in some cases can be analyzed and removed�

Vajapeyam� Sohi� and Hsu �

 decomposed programs into basic blocks and used

the Cray tool jumptrace to obtain execution frequencies of the basic blocks� They

also obtained hardware performance monitor data for the entire programs� This

technique is also a relatively fast� low overhead method of obtaining information

about program execution� Their technique does not provide dynamic information

about program execution� In addition� they did not pro�le library routines in the

basic blocks� and since the vector length was not available� they used average vector

lengths to estimate utilization�

Neither of the above studies was designed to provide information about the uti�

lization of the individual ports and therefore could not be used to provide accurate

synthetic workload models� Also� they did not look at the e�ect of optimization on

their results�

This study uses a memory reference tracing facility in sim which became available
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with release ��� of the UNICOS operating system� sim is a Cray Y�MP simulator

which provides exact� instruction level timing of programs run on a single Cray Y�MP

processor ignoring memory con�icts� sim takes a fully�linked object module as input

and traces execution of the program� The memory tracing facility generates a �le

which has an entry containing the opcode� the time of issue� the starting address� the

stride� and the vector length for each memory reference� For scalar operations the

vector lengths and strides are �� This �le was then used as input to a program which

pro�led port utilization�

This approach has two advantages� it is nonintrusive and it allows the study of

memory reference patterns with arbitrarily �ne granularity� Unfortunately a program

run under sim on a Cray Y�MP executes more than ���� times slower than it would

normally take� The memory reference trace �les generated by sim are also very large�

The shorter traces were ��� to ��� megabytes in compressed format� The larger

benchmarks had to be checkpointed and run in pieces to produce �les that could

�t on a single disk� As mentioned above� sim assumes that there are no memory

con�icts� so it gives slightly di�erent timing values than provided directly by hpm�

The programs were run under version ���� of UNICOS on a Cray Y�MP
�
��� The

Perfect Club Benchmark Suite � was used for the baseline runs� Minor modi�cations

had to be made to the source in order to allow compilation under version ������� of

the Cray Fortran compiler�

The port utilization program processed the trace information produced by sim

and kept track of the number of cycles in a given time partition ������� cycles for

this paper� during which each port was busy� It also kept a record of the distribution

of strides and vector lengths for each of the programs� It used the Cray Y�MP port

assignment strategy as now described� All writes �scalar� block� and vector� are

performed on port C� Vector and block reads are performed on ports A and B� The

default port for such reads is port B� Scalar and vector operations are not allowed

to proceed simultaneously� An estimate was kept of the number of possible cycles in

which a vector reference was delayed because a scalar operation was in progress and

vice versa� �This upper bound was calculated by counting the number of times that

a vector reference was initiated on the cycle after a scalar reference completed�� The
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sum of the setup and shutdown times for vector reads is � cycles and for vector writes

is � cycles� and this time was counted in the port utilization� Scalar write operations

use port C for � cycles� but consecutive scalar operations can be done on consecutive

cycles� Similarly� scalar read operations use port A for � cycles� but consecutive scalar

reads can be done on consecutive cycles�

� Results of the measurements

A summary of the hardware performance monitor measurements for the optimized

and unoptimized Perfect Club Benchmarks is given in Table �� The complete hard�

ware performance monitor data is given in Appendix A�

The speedup columns gives the ratio of unoptimized to optimized values for three

of the quantities in the table� The time entry refers to the total execution time� The

ARC�D values in the table may be anomalous as the optimized and unoptimized code

was run with di�erent versions of the Fortran compiler� The values shown in the table

for the unoptimized ARC�D are taken from the previous technical report �	
� When

ARC�D is run with the later version of the compiler used for the optimized ARC�D�

the timing is almost exactly the same as in the optimized case�

The SPEC		 benchmark is the only other one for which the optimized and unop�

timized values are shown for di�erent versions of the compiler� The newer compiler

accounts for a speedup of ���� out of the total ���	 shown in the table� That is� if

the unoptimized SPEC		 is compiled with the newer compiler� its speedup is ����

relative to the old compiler�

The mem speedup entry gives the ratio of unoptimized to optimized memory ref�

erences� Except in the case of DYFESM� this number is fairly close to �� More

importantly� the meminst speedup gives the ratio of unoptimized to optimized mem�

ory instructions� This value varies widely� Large values of this show that a major

part of the optimization came from vectorization� For example� as shown by the

hardware performance monitor data� in MG�D� the average vector length for �oating

point operations increased from ����� to ���	� with optimization�

It is interesting to note that memory con�icts often increased �both in number

and percentage� with optimization�
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The percentage of reads for the entire Perfect Club suite varied from �
� to 	��

which is consistent with the commonly assumed ��� fraction of reads� showing little

change from the unoptimized case�

Instructions Memory � Memory � Vect speedup
Program Cycles total mem refs confs confs reads refs mem meminst time

ADM ���� ���� ��� ��� ��� ���	� �	��
 �����
���� ���� ����

ADM opt ���� ��� �� �
� �	� ����� ����� �����

ARC�D ���� �		 �	 ���
 �	� ���
 
	��� �����
	��� 	��� ��	�

ARC�D opt �	�� ��� �� ���� ��� 
��	 
���� ����


BDNA ���� �	� �� ��� �� ���� ����� �����
��		 ���� ��	�

BDNA opt ��	� ��� �
 ��� �� ���	 ����� ���	�

DYFESM �	�� ��	 �	 ��� �� ���� �
��� �
�
�
���	 ���� ��	�

DYFESM opt ��� ��� �� ��� �� �	��	 

��	 ���



FLO�� �	� ��� �� 
�
 �� ���� 
���
 �����
��	� ��		 ��	�

FLO�� opt ��� ��� �� 
�� �� ���
 
���� �����

MDG ����� ���� ��� ���� ��� ���� ����� ���	�
	��	 ���
 ����

MDG opt ���� �
� �
 ���� ��� 
��� ����� �����

MG�D �	��� �	�
 
�� �	�
	 ��	� ����� ����� ����

���� ��	� ����

MG�D opt ���	 ��� ��� ���� �	� �	��
 ����� �����

OCEAN ���� ��	 ��� ���� ��� ���� ����� �����
��	� ��	� ����

OCEAN opt ���� ��� �� ���� ��� ����� ����� ����


QCD ���� ���� ��
 ��� �� ���� ���	� �����
	�
� ���� ���	

QCD opt ��� ��
 �� ��� ��� ����� 
���� �
���

SPICE ���� ��
 �� �	� �� ����� 
��	� ����	
	�
� ���� ���	

SPICE opt ��	 �� �� ��� �
 ����� ����� �����

SPEC

 �	�	 ���� ��	 ���� �	�� �����	 
	�	� �����
	��� ���� ��	


SPEC

 opt ���� ��� �� �	�� ���	 
���� ����	 ����	

TRACK ���� ��
 
	 ��� � ��
	 ����� �����
���
 ��	� ����

TRACK opt ��	 ��� �� 
� � ��	� 
	��	 
����

TRFD ���� ��� �� �
	 ��� �
�	
 ���	� �����
��		 ���� ����

TRFD opt �	�� ��� �
 ��� ��� ����� ����
 ����	

Table �� Hardware performance monitor data for the Perfect Club benchmarks�

All counts are in millions�

Following �

 TRACK� SPICE� and QCD are classi�ed as scalar code� while BDNA�

MG�D� FLO��� ARC�D� SPEC		� and MDG are classi�ed as vector code� The

remaining benchmarks are assumed to be mixtures by Vajapeyam et al� but are

almost completely vectorized as far as memory references are concerned� The three

scalar programs became signi�cantly more vectorized with optimization�

The results of dynamic memory behavior as obtained from sim are discussed in the

remainder of this report� A summary of statistics generated for the sim runs is given in

Appendix B� Figures � through �� show the memory behavior for the �� Perfect Club

Benchmarks� There are four noteworthy aspects to the memory references patterns

�



which are presented in the following subsections� phases� granularity� asymmetry in

port utilization� and scalar clustering�

��� Program phases

As in the case of the unoptimized programs� they all had start�up phases which were

relatively short compared to the overall program duration� Many of the programs

evolved through the same distinct phases with unique patterns of memory activity as

did the unoptimized programs�

Scalar code tends to show substantially less phase behavior� Port utilization for

the scalar program SPICE is shown in Figure ��� There is signi�cantly more activity

on port B for the optimized SPICE whereas the unoptimized program had port B

virtually quiet� This is another illustration of the vectorization introduced by the

optimization� The overall memory utilization is quite low and fairly uniform over the

duration of the program�

��� Granularity

Each program has a characteristic granularity and di�erent aspects of utilization

substructure appear when averages over shorter windows are taken� Figure �	 shows

the port utilization for the benchmark TRFD when activity is averaged over ���������

cycles� This is similar to the unoptimized case� but the spikes in the utilization of

port A are considerably smaller� while the average utilization is somewhat larger�

��� Asymmetry in port utilization

Port utilization is less asymmetric for the optimized programs because of the vector�

ization introduced� As in the unoptimized case� the fraction of reads can be predicted

from the port utilizations� If A� B� and C represent the utilizations �fractions of

cycles that the port is busy� of their respective ports and x is the fraction of reads�

then the following relationship should hold�

x �
A�B

A�B � C

Table � gives the predicted and computed x for the benchmarks�

�



�
Benchmark A B C x x pred vector

ADM ����� ����� ����� ����	 ����� 
����
ADM opt ����� ���	� ����	 ����� ����� �����

ARC�D ����� ����	 ����� ��	�
 ��	�� ���


ARC�D opt ����� ����	 ���	� ��	�� ��	�� ����	

BDNA ����� ���
� ����� ���
� ����� ���
�
BDNA opt ����
 ���
� ����� ���
� ���
� �
���

DYFESM ����	 ���	� ����� ���		 ����� �	�	�
DYFESM opt ����� ����� ����
 ��		� ��	�� ���		

FLO�� ����� ����� ����
 ��	�� ��	�� �����
FLO�� opt ����	 ���
� ���	� ��	�� ��	�� �����

MDG ����� ����
 ����
 ����� ����
 �����
MDG opt ����� ����
 ���
	 ����� ���
	 �����

MG�D ���	� ����� ����� ���
� ���	� ����	
MG�D opt ����	 ����	 ���	� ����� ����� ���
�

OCEAN ����� ����� ����� ����� ���
� ����

OCEAN opt ����
 ����� ����� ����� ����� ����	

QCD ����� ����� ����� ���
� ����	 �
�
�
QCD opt ���	� ����� ���	� ��	�� ��	�	 �	���

SPEC		 ����� ����
 ����	 ��	�� ���
� �����
SPEC		 opt ����� ����� ����� ���
� ���	� �����

SPICE ����� ����� ���
� ��	�� ��	�� �����
SPICE opt ����� ���	� ���

 ����� ����� 
����

TRACK ����
 ����� ���	� ����	 ���
� �����
TRACK opt ����	 ���
� ����� ��	�� ���
� 	���


TRFD ����� ����� ����� ����� ����� �
���
TRFD opt ����� ����� ����� ����� ����� �
���

Table �� Port utilization and fraction of reads for vectorized code�

�



��� Scalar clustering

The optimized benchmarks which still have a signi�cant amount of scalar activity

still retain the scalar clustering properties of their unoptimized counterparts� The

probability distributions for the fraction of cycles busy were computed by calculating

the histogram of the fraction of cycles busy in each ������ cycle partition� A resolution

of ��� bins ������ was used for the histograms� These distributions have a markedly

di�erent form for vector and scalar code� Scalar code is typi�ed by the behavior of

SPICE as shown in Figure ��� Port B has a roughly exponential distribution which

decays rapidly while ports A and C have distributions which are peaked around their

mean� There is somewhat more spreading than in the unoptimized case� and their is

a de�nite tail for the port B distribution�
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Figure ��� Port utilization histogram for the optimized SPEC		�
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Figure ��� Distribution of lengths and strides for the optimized SPEC		�
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A Hardware Performance Monitor Data
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A�� Statistics for optimized ADM run on hpm

CP� �����s� Wallclock� ������s� 	�
� of ��CPU Machine

HWM mem� �	�
��� HWM stack� ������ Stack extensions� �

Group �� CPU seconds � ���� CP executing � ���	����



���������������������������������������������������������������������������

Million inst�sec �MIPS� � 
���� Instructions � �������
�

Avg� clock periods�inst � ����

� CP holding issue � 
���� CP holding issue � 	��
���
�

Inst�buffer fetches�sec � ����M Inst�buf� fetches� �



	�

Floating adds�sec � ���	�M F�P� adds � ���������

Floating multiplies�sec � �����M F�P� multiplies � ��
��
��


Floating reciprocal�sec � ����M F�P� reciprocals � ������
�

I�O mem� references�sec � ����M I�O references � 
���	


CPU mem� references�sec � 

���M CPU references � �	���	���

Floating ops�CPU second � �����M

CP� ����
s� Wallclock� ������s� 	��� of ��CPU Machine

HWM mem� �	�
��� HWM stack� ������ Stack extensions� �

Group �� CPU seconds � ����
�� CP executing� ��������	�

���������������������������������������������������������������������������

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ����

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ��
� �	������

Waiting on S�registers�funct� units� ���
� ����
�	��

Waiting on V�registers � ����� �������
�

Waiting on vector functional units � �
�	� ��������


Waiting on scalar memory references� ���� ��	

�


Waiting on block memory references � 
��
 	

�	�



CP� �����s� Wallclock� �����
s� ���� of ��CPU Machine

HWM mem� �	�
��� HWM stack� ������ Stack extensions� �

Group �� CPU seconds � ������	 CP executing � ���
��

��

���������������������������������������������������������������������������

Inst� buffer fetches�sec � ����M total fetches � 
������

fetch conflicts � �

��
�

I�O memory refs�sec � ����M actual refs � ��
��



avg conflict�ref ����� actual conflicts � �	�
��

Scalar memory refs�sec � ����M actual refs � ��
�����

Block memory refs�sec � 
����M actual refs � ��
�	�	��

CPU memory refs�sec � 

��	M actual refs � �	���	���

avg conflict�ref ����� actual conflicts � ���

�	
�

CPU memory writes�sec � �����M actual refs � �	��
	




CPU memory reads�sec � �	���M actual refs � �
���
���

CP� ����
s� Wallclock� ���
	
s� 	�	� of ��CPU Machine

HWM mem� �	�
��� HWM stack� ������ Stack extensions� �

Group �� CPU seconds � ������� CP executing� ���
�
��		

���������������������������������������������������������������������������

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ����M ���
�	�� 
���

������		�scalar functional unit � ���

M ��������
 	��	�

�������	�scalar memory � ����M ��
����� ����

������
	��	
�vector integer�log�� ���	M ���
��	 ����

������	��vector floating point � ���
M ��	���	� 
�	�

��	���		�vector load and store � ����M �������� 
�



type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ����M �	����	� �����

Vector floating point � 
	��
M ���
����� �����

Scalar functional unit � ���

M ��������


�




A�� Statistics for optimized ARC�D run on hpm

STOP �called by ARC�D �

CP� ������s� Wallclock� �����	s� ����� of ��CPU Machine

HWM mem� ��
�
��� HWM stack� ������� Stack extensions� �

Group �� CPU seconds � ����
 CP executing � ����
�����

Million inst�sec �MIPS� � ���

 Instructions � �����
���

Avg� clock periods�inst � ���	

� CP holding issue � ����� CP holding issue � ��
��		
��

Inst�buffer fetches�sec � ����M Inst�buf� fetches� ���
��

Floating adds�sec � �
�
�M F�P� adds � ��	�
����

Floating multiplies�sec � ��
���M F�P� multiplies � ��
���
���

Floating reciprocal�sec � �����M F�P� reciprocals � ����	��
�

I�O mem� references�sec � ����M I�O references � �
�			


CPU mem� references�sec � ��	���M CPU references � ��
������


Floating ops�CPU second � ������M

STOP �called by ARC�D �

CP� ������s� Wallclock� ���
��s� ����� of ��CPU Machine

HWM mem� ��
�
��� HWM stack� ������� Stack extensions� �

Group �� CPU seconds � �����
�� CP executing� �����	����

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ����

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���	 ��������

Waiting on S�registers�funct� units� ��	� ����
�
�

Waiting on V�registers � ����
 
��

�
�


Waiting on vector functional units � ���
� 	
��
�	��

Waiting on scalar memory references� ���� �
���


Waiting on block memory references � ���
� ��


���	

STOP �called by ARC�D �

CP� ����
�s� Wallclock� ���	��s� ����� of ��CPU Machine

HWM mem� ��
�
��� HWM stack� ������� Stack extensions� �

Group �� CPU seconds � ����
��� CP executing � ����	�	
��

Inst� buffer fetches�sec � ����M total fetches � ������

fetch conflicts � �����	�

I�O memory refs�sec � ���
M actual refs � ��
����

avg conflict�ref ����� actual conflicts � �����



Scalar memory refs�sec � ����M actual refs � 		�
	�

Block memory refs�sec � ����

M actual refs � ��
����
��

CPU memory refs�sec � ��	���M actual refs � ��
�����	�

avg conflict�ref ���	� actual conflicts � ��
����	�

CPU memory writes�sec � 
��
�M actual refs � �

�
�

�

CPU memory reads�sec � ����
�M actual refs � ������
���

STOP �called by ARC�D �

CP� ������s� Wallclock� ���


s� ����� of ��CPU Machine

HWM mem� ��
�
��� HWM stack� ������� Stack extensions� �

Group �� CPU seconds � �������
 CP executing� �������
�


�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ����M �

����
 ����

������		�scalar functional unit � ���
	M ��	������ ���
�

�������	�scalar memory � ����M 		�
	� ����

������
	��	
�vector integer�log�� ���
M �	��
�	 ���


������	��vector floating point � ���	M �������� �����

��	���		�vector load and store � ����M ����	
�� �����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � �����M �	��
���� 
��
�

Vector floating point � ������M ���������� 

�	�

Scalar functional unit � ���
	M ��	������

��



A�� Statistics for optimized BDNA run on hpm

STOP �called by BDNA �

CP� 
��
�s� Wallclock� �����
s� 
��� of ��CPU Machine

HWM mem� ��
���� HWM stack� �����	� Stack extensions� �

Group �� CPU seconds � 
��� CP executing � �
�
���	�


Million inst�sec �MIPS� � ����
 Instructions � ����
���


Avg� clock periods�inst � 
���

� CP holding issue � �
��� CP holding issue � ���	������

Inst�buffer fetches�sec � ����M Inst�buf� fetches� ����		�

Floating adds�sec � �����M F�P� adds � 
�	�

�
�

Floating multiplies�sec � 
	���M F�P� multiplies � 
��������

Floating reciprocal�sec � �����M F�P� reciprocals � 
����	��

I�O mem� references�sec � ����M I�O references � ������


CPU mem� references�sec � 	���
M CPU references � ��������	

Floating ops�CPU second � ������M

STOP �called by BDNA �

CP� 
��
	s� Wallclock� 
����s� ���	� of ��CPU Machine

HWM mem� ��
���� HWM stack� �����	� Stack extensions� �

Group �� CPU seconds � 
��
	
� CP executing� �
�




	�

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ����

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���� �		����	

Waiting on S�registers�funct� units� ��
	 ��
��
���

Waiting on V�registers � �
��� �
����	�


Waiting on vector functional units � �	��� 
�	������

Waiting on scalar memory references� ���� �

	���

Waiting on block memory references � ���� �
������

STOP �called by BDNA �

CP� 
��

s� Wallclock� 
�	�	s� ����� of ��CPU Machine

HWM mem� ��
���� HWM stack� �����	� Stack extensions� �

Group �� CPU seconds � 
��
��
 CP executing � �
�
��
���

Inst� buffer fetches�sec � ����M total fetches � ������	

fetch conflicts � �����
�

I�O memory refs�sec � ���
M actual refs � ���

�

avg conflict�ref ��
�� actual conflicts � ���	
	

Scalar memory refs�sec � ����M actual refs � ����
���

Block memory refs�sec � 	���
M actual refs � �


	�
�


CPU memory refs�sec � 	���
M actual refs � ��������


avg conflict�ref ����� actual conflicts � �
���

�

CPU memory writes�sec � ���

M actual refs � �	�	���
�

CPU memory reads�sec � �����M actual refs � �
���
�
�

STOP �called by BDNA �

CP� 
��
�s� Wallclock� 
�
�
s� ����� of ��CPU Machine

HWM mem� ��
���� HWM stack� �����	� Stack extensions� �

Group �� CPU seconds � 
��

�
 CP executing� �
�
���	



�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ���
M �������� �����

������		�scalar functional unit � ����	M ���	���

 �
���

�������	�scalar memory � ����M ����
�
� ��



������
	��	
�vector integer�log�� ����M 	
�
��
 ��		

������	��vector floating point � ��
	M ������
� ���	

��	���		�vector load and store � ��
�M ��	����� ��	�

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � �	�		M ��������� �����

Vector floating point � ������M �������
�� 
��	�

Scalar functional unit � ����	M ���	���



��



A�� Statistics for optimized DYFESM run on hpm

STOP �called by DYFESM �

CP� ��
��s� Wallclock� ������s� ��
� of ��CPU Machine

HWM mem� �	�	��� HWM stack� 	�	
� Stack extensions� �

Group �� CPU seconds � ��
� CP executing � �
���
	



Million inst�sec �MIPS� � ����� Instructions � ���
�


�

Avg� clock periods�inst � ����

� CP holding issue � 
��	
 CP holding issue � ���
	����

Inst�buffer fetches�sec � ����M Inst�buf� fetches� 
���
�

Floating adds�sec � �
���M F�P� adds � �

�����	

Floating multiplies�sec � ����
M F�P� multiplies � ��
��
���

Floating reciprocal�sec � ����M F�P� reciprocals � ��
��

I�O mem� references�sec � ����M I�O references � �����


CPU mem� references�sec � �����M CPU references � ��
���
��

Floating ops�CPU second � 	����M

STOP �called by DYFESM �

CP� ��
�	s� Wallclock� ���
��s� ��	� of ��CPU Machine

HWM mem� �	�	��� HWM stack� 	�	
� Stack extensions� �

Group �� CPU seconds � ��
���� CP executing� �
������


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ���


Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� 
��� ������	


Waiting on S�registers�funct� units� ����
 	�	��	�


Waiting on V�registers � ���
 ��������

Waiting on vector functional units � �
��� 

�	�




Waiting on scalar memory references� ���� �����
��

Waiting on block memory references � ��
� ��������

STOP �called by DYFESM �

CP� ��
�	s� Wallclock� 
����s� 
��� of ��CPU Machine

HWM mem� �	�	��� HWM stack� 	�	
� Stack extensions� �

Group �� CPU seconds � ��
�	
� CP executing � �
���
�
�

Inst� buffer fetches�sec � ����M total fetches � 
���	


fetch conflicts � �������

I�O memory refs�sec � ����M actual refs � ���
�	

avg conflict�ref ���	� actual conflicts � ��
��

Scalar memory refs�sec � ����M actual refs � ��	

�



Block memory refs�sec � ����	M actual refs � �
�����
	

CPU memory refs�sec � �����M actual refs � ��
���
��

avg conflict�ref ����� actual conflicts � 

��
��	

CPU memory writes�sec � �
�
�M actual refs � ����	���

CPU memory reads�sec � 
����M actual refs � ��	

����

STOP �called by DYFESM �

CP� ��
��s� Wallclock� 
�
��s� 
��� of ��CPU Machine

HWM mem� �	�	��� HWM stack� 	�	
� Stack extensions� �

Group �� CPU seconds � ��
���
 CP executing� �
��
�

�

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ����M ��
�
��� ���


������		�scalar functional unit � �	���M ��
�����
 	��		

�������	�scalar memory � ����M ��	

�
� ��	�

������
	��	
�vector integer�log�� ���
M 
����
 ����

������	��vector floating point � ����M ������
� 
��


��	���		�vector load and store � ��
�M �

����� ���


type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ����M �	
����	 �����

Vector floating point � 	����M ���	�
��� �����

Scalar functional unit � �	���M ��
�����


��



A�� Statistics for optimized FLO�� run on hpm

STOP �called by FLO
�Q �

CP� 
��
�s� Wallclock� ���

�s� ��
� of ��CPU Machine

HWM mem� ���	��� HWM stack� �
�
�
� Stack extensions� �

Group �� CPU seconds � 
��
 CP executing � �
��
��
�

Million inst�sec �MIPS� � ���
	 Instructions � ��������


Avg� clock periods�inst � ����

� CP holding issue � ���

 CP holding issue � 

	��
	��

Inst�buffer fetches�sec � ���
M Inst�buf� fetches� 
�����

Floating adds�sec � 

���M F�P� adds � ����	����

Floating multiplies�sec � 
��
�M F�P� multiplies � �
�		��
�

Floating reciprocal�sec � 
��
M F�P� reciprocals � ����		�


I�O mem� references�sec � ��	�M I�O references � ��	�
	�

CPU mem� references�sec � ����	�M CPU references � 	�����
�


Floating ops�CPU second � ��
���M

STOP �called by FLO
�Q �

CP� 
����s� Wallclock� ���	��s� ���� of ��CPU Machine

HWM mem� ���	��� HWM stack� �
�
�
� Stack extensions� �

Group �� CPU seconds � 
����	� CP executing� �
��
����

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� 	��

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���	 
����	�


Waiting on S�registers�funct� units� 	��
 ���
�	�	

Waiting on V�registers � ����
 ���	��

�

Waiting on vector functional units � �
��� ��	��	���

Waiting on scalar memory references� ��
� �������

Waiting on block memory references � ���
 	
��


�

STOP �called by FLO
�Q �

CP� 
��
�s� Wallclock� ������s� 
��� of ��CPU Machine

HWM mem� ���	��� HWM stack� �
�
�
� Stack extensions� �

Group �� CPU seconds � 
��

�� CP executing � �
�
��

�

Inst� buffer fetches�sec � ���
M total fetches � 
����


fetch conflicts � ��
���

I�O memory refs�sec � ��	�M actual refs � ������


avg conflict�ref ���	� actual conflicts � �	
���


Scalar memory refs�sec � ���	M actual refs � 
	��	
�

Block memory refs�sec � ������M actual refs � 	��
�
	��

CPU memory refs�sec � ����	�M actual refs � 	�����
��

avg conflict�ref ����� actual conflicts � �
������

CPU memory writes�sec � �����M actual refs � �
	�
�	��

CPU memory reads�sec � 

���M actual refs � 
����		
�

STOP �called by FLO
�Q �

CP� 
��
�s� Wallclock� ���	�	s� ��
� of ��CPU Machine

HWM mem� ���	��� HWM stack� �
�
�
� Stack extensions� �

Group �� CPU seconds � 
��
�
� CP executing� �
��
��	�

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ���
M �
�	���� ����

������		�scalar functional unit � �����M �		����
� 	����

�������	�scalar memory � ���	M 
	��	�� ����

������
	��	
�vector integer�log�� ���
M ����
	 ���


������	��vector floating point � ��

M �


���� ����

��	���		�vector load and store � ���
M �	��	��
 	�



type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ����M ���

�	� �
���

Vector floating point � ��	�
�M ����	���� �
��


Scalar functional unit � �����M �		����
�

��



A�� Statistics for optimized MDG run on hpm

STOP �called by MDG �

CP� ���
��s� Wallclock� ����
�s� ���� of ��CPU Machine

HWM mem� ��
����� HWM stack� 

��� Stack extensions� �

Group �� CPU seconds � ���
� CP executing � ������
��


Million inst�sec �MIPS� � ����� Instructions � �	�������

Avg� clock periods�inst � 	���

� CP holding issue � ����� CP holding issue � 
�����

��

Inst�buffer fetches�sec � ���
M Inst�buf� fetches� ��		
��

Floating adds�sec � 	��
	M F�P� adds � ��������		

Floating multiplies�sec � �����M F�P� multiplies � �

����
��

Floating reciprocal�sec � 	���M F�P� reciprocals � ��	�����


I�O mem� references�sec � ����M I�O references � ��
��	�

CPU mem� references�sec � 
����M CPU references � �
��������

Floating ops�CPU second � ��
���M

STOP �called by MDG �

CP� ���
��s� Wallclock� ������s� ��	� of ��CPU Machine

HWM mem� ��
����� HWM stack� 

��� Stack extensions� �

Group �� CPU seconds � ���
���� CP executing� ��

�
��	


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� 	��

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ��	� ��	����	�

Waiting on S�registers�funct� units� ���� ��
��	�	�

Waiting on V�registers � ���
� ��	�	���	


Waiting on vector functional units � �
��� ��

�	���	

Waiting on scalar memory references� ���
 �

�����

Waiting on block memory references � ����� ��	���	�


STOP �called by MDG �

CP� ���
�	s� Wallclock� 

����s� 	��� of ��CPU Machine

HWM mem� ��
����� HWM stack� 

��� Stack extensions� �

Group �� CPU seconds � ���
�	�� CP executing � ��
	���
		

Inst� buffer fetches�sec � ���
M total fetches � ��	

�


fetch conflicts � ��
	���

I�O memory refs�sec � ����M actual refs � �����
�

avg conflict�ref ����� actual conflicts � ����
��

Scalar memory refs�sec � ����M actual refs � ��������

Block memory refs�sec � 

�	�M actual refs � �
�	
�����

CPU memory refs�sec � 
����M actual refs � �
������
�

avg conflict�ref ����� actual conflicts � ����
����

CPU memory writes�sec � �
�
�M actual refs � �������

�

CPU memory reads�sec � 
����M actual refs � ����������

STOP �called by MDG �

CP� ���

�s� Wallclock� �	����s� 
�	� of ��CPU Machine

HWM mem� ��
����� HWM stack� 

��� Stack extensions� �

Group �� CPU seconds � ���

�
� CP executing� ���

��

�

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ��

M 	������	 ���	

������		�scalar functional unit � �����M 
��
��	�� ����	

�������	�scalar memory � ����M �������� ��	�

������
	��	
�vector integer�log�� ��	
M ���
	��
 	�
	

������	��vector floating point � ��		M ���
��	�� ���	�

��	���		�vector load and store � ��

M 	���	�
� ����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � 	��
�M �	�


���� ����


Vector floating point � ��	���M �	��	
��	� �����

Scalar functional unit � �����M 
��
��	��

��



A�� Statistics for optimized MG�D run on hpm

STOP �called by MAIN �

CP� 
�����s� Wallclock� ����	��s� ���� of ��CPU Machine

HWM mem� �� HWM stack� 
����� Stack extensions� �

Group �� CPU seconds � 
���� CP executing � ��
�
�����

Million inst�sec �MIPS� � �	�		 Instructions � 
��		����

Avg� clock periods�inst � 
���

� CP holding issue � �	��� CP holding issue � 		���	���


Inst�buffer fetches�sec � ����M Inst�buf� fetches� ���
���

Floating adds�sec � 

���M F�P� adds � 
�	�
����	

Floating multiplies�sec � ���
�M F�P� multiplies � �����
����

Floating reciprocal�sec � ��

M F�P� reciprocals � ��
�	���

I�O mem� references�sec � ��
�M I�O references � ��	�����

CPU mem� references�sec � �
��
�M CPU references � �������	�


Floating ops�CPU second � ������M

STOP �called by MAIN �

CP� 
����
s� Wallclock� ��
�	��s� ���� of ��CPU Machine

HWM mem� �� HWM stack� 
����� Stack extensions� �

Group �� CPU seconds � 
����
�� CP executing� ��
���
���

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� �
���

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���
 �
�����		

Waiting on S�registers�funct� units� ���� 	�
���



Waiting on V�registers � �	��
 �����
��	�

Waiting on vector functional units � 
���� ��	�	����	

Waiting on scalar memory references� ���
 ��
�
��

Waiting on block memory references � �
��� �	��	��
	�

STOP �called by MAIN �

CP� 
�����s� Wallclock� �������s� ���� of ��CPU Machine

HWM mem� �� HWM stack� 
����� Stack extensions� �

Group �� CPU seconds � 
�����
� CP executing � ��
����	��

Inst� buffer fetches�sec � ����M total fetches � ���
���

fetch conflicts � ���	
�


I�O memory refs�sec � ���
M actual refs � �����

�

avg conflict�ref ���
� actual conflicts � ��


���

Scalar memory refs�sec � ����M actual refs � ��
�		��

Block memory refs�sec � �
��	�M actual refs � ���
�
���


CPU memory refs�sec � �

���M actual refs � �������
�


avg conflict�ref ����� actual conflicts � 
��


�
�

CPU memory writes�sec � �
���M actual refs � ��	�������

CPU memory reads�sec � �
�		M actual refs � �	�	��
�
�

STOP �called by MAIN �

CP� 
�����s� Wallclock� ��	��		s� ���� of ��CPU Machine

HWM mem� �� HWM stack� 
����� Stack extensions� �

Group �� CPU seconds � 
����
�� CP executing� ��
�
����


�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ���
M 

�	��	
 
�
�

������		�scalar functional unit � ���
�M 
�������
 ���



�������	�scalar memory � ����M ��
�		�
 ���	

������
	��	
�vector integer�log�� ����M 	���	� ����

������	��vector floating point � ��
�M �
�
�	��� �����

��	���		�vector load and store � ��
�M ��
�
�
�� �����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ���
M ��
����� 
��
�

Vector floating point � ������M 
��
���
�� ���	�

Scalar functional unit � ���
�M 
�������


��



A�� Statistics for optimized OCEAN run on hpm

STOP �called by OCEAN �

CP� �
����s� Wallclock� �
�		�s� ����� of ��CPU Machine

HWM mem� �

��	� HWM stack� ��
�
� Stack extensions� �

Group �� CPU seconds � �
��� CP executing � �
��	
��
�

Million inst�sec �MIPS� � ���	� Instructions � ���
�����

Avg� clock periods�inst � 
���

� CP holding issue � 		��� CP holding issue � �

������


Inst�buffer fetches�sec � ���
M Inst�buf� fetches� 	��
��

Floating adds�sec � ���
�M F�P� adds � 
������
�

Floating multiplies�sec � �����M F�P� multiplies � 

�������

Floating reciprocal�sec � ���
M F�P� reciprocals � ��
�����

I�O mem� references�sec � ��

M I�O references � �
�

��

CPU mem� references�sec � �
���
M CPU references � ����


���

Floating ops�CPU second � 

���M

STOP �called by OCEAN �

CP� �
����s� Wallclock� �
����s� ���
� of ��CPU Machine

HWM mem� �

��	� HWM stack� ��
�
� Stack extensions� �

Group �� CPU seconds � �
������ CP executing� �
���
	��


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� 
��

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���
 ���		���

Waiting on S�registers�funct� units� ���� ���
�����

Waiting on V�registers � �
��
 ���	
��	�

Waiting on vector functional units � �	��� �
�����
�

Waiting on scalar memory references� ��	� ��	�

��

Waiting on block memory references � �	�
� 	����
�
�

STOP �called by OCEAN �

CP� �
��
�s� Wallclock� �
���
s� ����� of ��CPU Machine

HWM mem� �

��	� HWM stack� ��
�
� Stack extensions� �

Group �� CPU seconds � �
��
��� CP executing � �
����

��

Inst� buffer fetches�sec � ���
M total fetches � 	�
���

fetch conflicts � ����
��

I�O memory refs�sec � ��
�M actual refs � ���	�
�

avg conflict�ref ����� actual conflicts � ��
	��


Scalar memory refs�sec � ��
�M actual refs � 	���	��

Block memory refs�sec � �
����M actual refs � �����	�
�


CPU memory refs�sec � �
���	M actual refs � ����


���

avg conflict�ref ����� actual conflicts � �

������

CPU memory writes�sec � 	����M actual refs � �������
�


CPU memory reads�sec � �����M actual refs � ����	��	��

STOP �called by OCEAN �

CP� �
��
�s� Wallclock� ������s� ���� of ��CPU Machine

HWM mem� �

��	� HWM stack� ��
�
� Stack extensions� �

Group �� CPU seconds � �
��
��
 CP executing� �
�


	
��

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ����M �	�

�
� 
���

������		�scalar functional unit � �����M �
������� 	
���

�������	�scalar memory � ��
�M 	�����
 ���


������
	��	
�vector integer�log�� ���
M ��	
��� ����

������	��vector floating point � ����M ��
��
�� ��	


��	���		�vector load and store � ��

M �
�����
 
�	�

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ��
	M �
���
�� 
����

Vector floating point � 
���	M ��
���
��� �	���

Scalar functional unit � �����M �
�������

��



A�	 Statistics for optimized QCD run on hpm

STOP �called by QCD� �

CP� �����s� Wallclock� ������s� ���� of ��CPU Machine

HWM mem� ����	��� HWM stack� �

�
� Stack extensions� �

Group �� CPU seconds � ���� CP executing � �������
��

Million inst�sec �MIPS� � ����	 Instructions � ��	����	�

Avg� clock periods�inst � ����

� CP holding issue � 
���� CP holding issue � 
�	
	

�	

Inst�buffer fetches�sec � ����M Inst�buf� fetches� 	���	��

Floating adds�sec � �	�
�M F�P� adds � ��	����	


Floating multiplies�sec � ����
M F�P� multiplies � ���������

Floating reciprocal�sec � ���	M F�P� reciprocals � �����
�

I�O mem� references�sec � ����M I�O references � �
	
�
�

CPU mem� references�sec � �����M CPU references � ���	�����

Floating ops�CPU second � ���		M

STOP �called by QCD� �

CP� 
�
�
s� Wallclock� ���		�s� 
�
� of ��CPU Machine

HWM mem� ����	��� HWM stack� �

�
� Stack extensions� �

Group �� CPU seconds � 
�
�
�� CP executing� 

����
�


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ���

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� 
��� 
�	���
	

Waiting on S�registers�funct� units� ����� ������

�

Waiting on V�registers � ����
 ����
���


Waiting on vector functional units � 	�

 	
�


��

Waiting on scalar memory references� ���
 ����	�
�

Waiting on block memory references � ����	 ����
�
��

STOP �called by QCD� �

CP� 
�
�	s� Wallclock� ���
��s� 
��� of ��CPU Machine

HWM mem� ����	��� HWM stack� �

�
� Stack extensions� �

Group �� CPU seconds � 
�
���� CP executing � 

����

�

Inst� buffer fetches�sec � ����M total fetches � 	����
�

fetch conflicts � 	
���
�

I�O memory refs�sec � ����M actual refs � �������

avg conflict�ref ��
�� actual conflicts � 	�	���

Scalar memory refs�sec � ��	
M actual refs � ��	���
�

Block memory refs�sec � �	���M actual refs � ���
�
�	�

CPU memory refs�sec � �
��
M actual refs � ���	�����

avg conflict�ref ����� actual conflicts � �����

��

CPU memory writes�sec � �
���M actual refs � ��	��
�
	

CPU memory reads�sec � �
���M actual refs � �
�������

STOP �called by QCD� �

CP� 
�

�s� Wallclock� 
�	
�s� 	��� of ��CPU Machine

HWM mem� ����	��� HWM stack� �

�
� Stack extensions� �

Group �� CPU seconds � 
�

��� CP executing� 

������


�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ��
	M �			
��� ����

������		�scalar functional unit � �����M �

��
	�� 	��
�

�������	�scalar memory � ��	
M ��	����� ��
�

������
	��	
�vector integer�log�� ���	M ������� ����

������	��vector floating point � ��	
M �������� ����

��	���		�vector load and store � ��
�M �	����

 ����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � 
��	M ��

��
� ����


Vector floating point � �
�
�M ��
�
���� �����

Scalar functional unit � �����M �

��
	��

��



A��
 Statistics for optimized SPEC�� run on hpm

STOP �called by SPEC		 �

CP� �	�
��s� Wallclock� ���
	�s� 
�	� of ��CPU Machine

HWM mem� �
�

��� HWM stack� ����
� Stack extensions� �

Group �� CPU seconds � �	�
� CP executing � �
�	��
	��

Million inst�sec �MIPS� � ����� Instructions � 
�
���
��

Avg� clock periods�inst � 
���

� CP holding issue � 	���� CP holding issue � ��������
�

Inst�buffer fetches�sec � ���
M Inst�buf� fetches� ����
��

Floating adds�sec � 

���M F�P� adds � 
	�	

�
	

Floating multiplies�sec � �����M F�P� multiplies � ���
	��	�

Floating reciprocal�sec � ����M F�P� reciprocals � ��	�����

I�O mem� references�sec � ��
�M I�O references � ���
����

CPU mem� references�sec � ������M CPU references � �������	�


Floating ops�CPU second � ����	�M

STOP �called by SPEC		 �

CP� �	�
�
s� Wallclock� �	����s� ���� of ��CPU Machine

HWM mem� �
�

��� HWM stack� ����
� Stack extensions� �

Group �� CPU seconds � �	�
���
 CP executing� �
��������

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� 
���

Waiting on shared registers � ���� ���	

Waiting on A�registers�funct� units� 
�

 �����
�
�

Waiting on S�registers�funct� units� ���� 
��	���


Waiting on V�registers � �
��� 	�	��	���

Waiting on vector functional units � �
��
 �
���	
��

Waiting on scalar memory references� ���	 ���	�����

Waiting on block memory references � ���
	 	�	�	��



STOP �called by SPEC		 �

CP� �	�
�
s� Wallclock� ������s� 
�
� of ��CPU Machine

HWM mem� �
�

��� HWM stack� ����
� Stack extensions� �

Group �� CPU seconds � �	�

��
 CP executing � �
��	�����

Inst� buffer fetches�sec � ���
M total fetches � ����
��

fetch conflicts � ����
�		

I�O memory refs�sec � ��
	M actual refs � 
��
����

avg conflict�ref ��	�� actual conflicts � �


��
�

Scalar memory refs�sec � ����M actual refs � ���	
���

Block memory refs�sec � ��
���M actual refs � ������
���

CPU memory refs�sec � ������M actual refs � �������	�


avg conflict�ref ��	�� actual conflicts � ��	
��
���

CPU memory writes�sec � �����M actual refs � ��
�
�
�


CPU memory reads�sec � 	
���M actual refs � ��
��

	
�

STOP �called by SPEC		 �

CP� �	�
��s� Wallclock� ����	�s� 
��� of ��CPU Machine

HWM mem� �
�

��� HWM stack� ����
� Stack extensions� �

Group �� CPU seconds � �	�
���	 CP executing� �
��
�
���

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ���
M ��
		��� ����

������		�scalar functional unit � �����M ��������� �
���

�������	�scalar memory � ���
M ���	
��� ���


������
	��	
�vector integer�log�� ����M ��
�	�� ���


������	��vector floating point � ��
�M ���
��
� �����

��	���		�vector load and store � ���
M ���
	

� ���	�

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ���
M 	������� �����

Vector floating point � ������M ���������
 �
�
�

Scalar functional unit � �����M ���������

�	



A��� Statistics for optimized SPICE run on hpm

STOP �called by SPICE �

CP� �����s� Wallclock� ����
s� ���� of ��CPU Machine

HWM mem� �� HWM stack� �
���� Stack extensions� �

Group �� CPU seconds � ���� CP executing � ���������

Million inst�sec �MIPS� � ���
� Instructions � ���	�
��

Avg� clock periods�inst � 
���

� CP holding issue � �	�

 CP holding issue � �
	������

Inst�buffer fetches�sec � ����M Inst�buf� fetches� 
�����

Floating adds�sec � �����M F�P� adds � ��������

Floating multiplies�sec � ���
M F�P� multiplies � ��
�
�



Floating reciprocal�sec � ����M F�P� reciprocals � �	
�
��

I�O mem� references�sec � ����M I�O references � �
��
	

CPU mem� references�sec � 
����M CPU references � ���������

Floating ops�CPU second � ���
�M

STOP �called by SPICE �

CP� �����s� Wallclock� �����s� 
��� of ��CPU Machine

HWM mem� �� HWM stack� �
���� Stack extensions� �

Group �� CPU seconds � ������
 CP executing� �����	��


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ������

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ���
 ����
���

Waiting on S�registers�funct� units� ����� ��	�
�	��

Waiting on V�registers � ���
� ���
���


Waiting on vector functional units � 	��� ����
���

Waiting on scalar memory references� ���� �����
�

Waiting on block memory references � ����
 
	�	�	
�

STOP �called by SPICE �

CP� �����s� Wallclock� �����s� ���� of ��CPU Machine

HWM mem� �� HWM stack� �
���� Stack extensions� �

Group �� CPU seconds � �����	� CP executing � ��������


Inst� buffer fetches�sec � ����M total fetches � 
��

�

fetch conflicts � ���
��


I�O memory refs�sec � ���	M actual refs � �
�
��

avg conflict�ref ����� actual conflicts � ������

Scalar memory refs�sec � 	�
�M actual refs � �
������

Block memory refs�sec � �
�
�M actual refs � ��������


CPU memory refs�sec � 
����M actual refs � ���������

avg conflict�ref ����� actual conflicts � �	�����


CPU memory writes�sec � �
���M actual refs � 
���	���

CPU memory reads�sec � ����
M actual refs � 
�
��	�


STOP �called by SPICE �

CP� �����s� Wallclock� �����s� 	�
� of ��CPU Machine

HWM mem� �� HWM stack� �
���� Stack extensions� �

Group �� CPU seconds � �����	� CP executing� ����
���	

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ��
	M �	
	
�� ���	

������		�scalar functional unit � �
�
�M 
�
����� �����

�������	�scalar memory � 	�
�M �
�����
 ���
	

������
	��	
�vector integer�log�� ��	�M ��
	��� ����

������	��vector floating point � ��

M ��
���	 ��	�

��	���		�vector load and store � ���
M �	����� ����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � �����M 	
���
�� ���		

Vector floating point � �����M �������� �����

Scalar functional unit � �
�
�M 
�
�����

�




A��� Statistics for optimized TRACK run on hpm

STOP �called by TRACK �

CP� ���	
s� Wallclock� �����s� ���
� of ��CPU Machine

HWM mem� ���	
�� HWM stack� ����� Stack extensions� �


Group �� CPU seconds � ���� CP executing � �	

�	���

Million inst�sec �MIPS� � 
���� Instructions � ��
���	��

Avg� clock periods�inst � ��
	

� CP holding issue � 
���� CP holding issue � ��
������

Inst�buffer fetches�sec � ���
M Inst�buf� fetches� �����
�

Floating adds�sec � �����M F�P� adds � ��������

Floating multiplies�sec � ����
M F�P� multiplies � ��	�����

Floating reciprocal�sec � ����M F�P� reciprocals � ������

I�O mem� references�sec � ����M I�O references � ��
�	

CPU mem� references�sec � �
��	M CPU references � 	�������

Floating ops�CPU second � �����M

STOP �called by TRACK �

CP� �����s� Wallclock� ����
s� ����� of ��CPU Machine

HWM mem� ���	
�� HWM stack� ����� Stack extensions� �


Group �� CPU seconds � ������� CP executing� ����
����

Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� ����

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� ��	� �
������

Waiting on S�registers�funct� units� ����� ��������


Waiting on V�registers � ���	 ���
��
�

Waiting on vector functional units � 	��	 ��������

Waiting on scalar memory references� ���	 ������	�

Waiting on block memory references � ���� 	������

STOP �called by TRACK �

CP� ���	
s� Wallclock� ����
s� ����� of ��CPU Machine

HWM mem� ���	
�� HWM stack� ����� Stack extensions� �


Group �� CPU seconds � ���	

� CP executing � �	

�
��


Inst� buffer fetches�sec � ���
M total fetches � ���	
��

fetch conflicts � ��	
�
�

I�O memory refs�sec � ����M actual refs � �
�
�

avg conflict�ref ��
�� actual conflicts � ��
��


Scalar memory refs�sec � ��	�M actual refs � �
�
�
�


Block memory refs�sec � ���
	M actual refs � 

��
���

CPU memory refs�sec � �
��	M actual refs � 	�������

avg conflict�ref ����� actual conflicts � ���

��

CPU memory writes�sec � 
�	�M actual refs � ����
���

CPU memory reads�sec � ���
	M actual refs � 

�

��


STOP �called by TRACK �

CP� ���	
s� Wallclock� �����s� ����� of ��CPU Machine

HWM mem� ���	
�� HWM stack� ����� Stack extensions� �


Group �� CPU seconds � ���	
�� CP executing� �	
�
���


�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ��
�M �����	�� 
���

������		�scalar functional unit � �����M ���	�
��� �����

�������	�scalar memory � ��	�M �
�
�
�� ���	

������
	��	
�vector integer�log�� ����M �	�
�	� ��	�

������	��vector floating point � ��
�M �
�
��� ��	�

��	���		�vector load and store � ��
�M ������
 ����

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � �
���M ��
��	
� ����


Vector floating point � ����	M �

���
� ���	�

Scalar functional unit � �����M ���	�
���

��



A��� Statistics for optimized TRFD run on hpm

STOP �called by TRFD �

CP� ����
s� Wallclock� ���	��s� ���� of ��CPU Machine

HWM mem� ��
�	��� HWM stack� ����� Stack extensions� �

Group �� CPU seconds � ���
 CP executing � ���
������

Million inst�sec �MIPS� � 	���� Instructions � �

��
��


Avg� clock periods�inst � ����

� CP holding issue � �
��� CP holding issue � 
��

����

Inst�buffer fetches�sec � ���
M Inst�buf� fetches� 
���	�

Floating adds�sec � �����M F�P� adds � ��	
�	
��

Floating multiplies�sec � ����	M F�P� multiplies � ��		�����

Floating reciprocal�sec � ����M F�P� reciprocals � 	�
���

I�O mem� references�sec � ��	�M I�O references � �������

CPU mem� references�sec � ����
�M CPU references � �������
�

Floating ops�CPU second � �����M

STOP �called by TRFD �

CP� ����	s� Wallclock� ������s� ���� of ��CPU Machine

HWM mem� ��
�	��� HWM stack� ����� Stack extensions� �

Group �� CPU seconds � ������
 CP executing� �����
	
�


Hold issue condition � of all CPs actual � of CPs

Waiting on semaphores � ���� 
��

Waiting on shared registers � ���� �

Waiting on A�registers�funct� units� 
��� ���������

Waiting on S�registers�funct� units� ���	 �
��	���

Waiting on V�registers � ���� ���
����

Waiting on vector functional units � ���� ���
�	
�

Waiting on scalar memory references� ���
� ���
��
��

Waiting on block memory references � �
��� ��
	�


�

STOP �called by TRFD �

CP� �����s� Wallclock� ���
��s� ��
� of ��CPU Machine

HWM mem� ��
�	��� HWM stack� ����� Stack extensions� �

Group �� CPU seconds � �����
� CP executing � ��������	


Inst� buffer fetches�sec � ���
M total fetches � 
�����

fetch conflicts � ��
�	�

I�O memory refs�sec � ����M actual refs � ��

���

avg conflict�ref ����� actual conflicts � ���
�
�

Scalar memory refs�sec � ���
M actual refs � 	������

Block memory refs�sec � �����
M actual refs � ���
�
���

CPU memory refs�sec � ������M actual refs � ��������


avg conflict�ref ����� actual conflicts � �
����
�	

CPU memory writes�sec � �
���M actual refs � ���������

CPU memory reads�sec � �
���M actual refs � ��������


STOP �called by TRFD �

CP� �����s� Wallclock� ������s� ��	� of ��CPU Machine

HWM mem� ��
�	��� HWM stack� ����� Stack extensions� �

Group �� CPU seconds � ������� CP executing� ����
�����

�octal� type of instruction inst��CPUsec actual inst� � of all inst�

�������	�jump�special � ����M ��	����� ��	�

������		�scalar functional unit � 
	���M ����	�
�� ���
	

�������	�scalar memory � ���
M 	�����
 ����

������
	��	
�vector integer�log�� ����M 	���
� ���	

������	��vector floating point � ����M �
	�		�� ����

��	���		�vector load and store � ����M �
	����
 ��
�

type of operation ops�CPUsec actual ops avg� VL

Vector integer�logical � ��
�M ��
��
�� �
�
�

Vector floating point � �����M ��

����� ����


Scalar functional unit � 
	���M ����	�
��

��



B Data from sim

��



B�� Statistics for ADM run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � �

�
	


Boundary buffer loads � �

Wasted buffer loads � �

CP waiting for loads � ������
��

Buffer Address

� ��	����

� Device interrupt status

Next� Dev � �� PN � �� Time � 
����	�����
�		
��	

Dev PN Time

� � ����
�	
��

� Total instructions executed � �����	
��

Individual instruction counts�

���� � ���� ����

� ���� ����	�� ���� ��	��� �
�� �
��


���� � ���� � ��
� � ��	� �	���� �
�� ������

���� ���
��� ���� �

	�� ���� 
��	��� ���� �

�
�� �
�� 
��	�

���� ��	�
� ��
� 
����	 ��	� ����

� ���� 

���� �
�� �

���� ��� ���� ������ �	�� �
����� ���� ��
��		 �
�� ��	�
�

��
� ��
���� ��	� �
���� �	�� 
�
���
 ���� 
��
�� �

� ����

���� �
���
� ���� 
�

��� �	�� ����� ���� ��

�� �
�� ���

��	� ������� ���� ���		 �	�� �
��
� ��
� 
����� �
	� ��


���� ��
��
� ���� ������
 �	������

�	 ���� 

�

� ���� ���	


���� ����
�� ���� ��	��
� �	
��	���
�� ��	� ��
���� ���� ��	���

���� �	
���� ���� ���
�

 �	�� ���

�� ���� �	��� ���� �

���� ������� ��
� 
���	� �		� �

��� ���� �����
� ���� �

���� ��
�
�
 ���� ����
� ���� 	
�	� ���� �
���� ���� �����	


��
� �
����� ��	� ���	��� ���� �
���� ���� ���

� ��
� �	�
��


���� �
����� �
�� 
�	��� ���� ������ ���� 
�
��� ���� �

��	� �
�

�� �
�� 	�	���
 ���� �����
 ��
� 
��
�
 ��	� ��	���

���� ������
 �
�� ��
��
	 ���� ��
��� ���� 	
	�	� �	�� ��
���

���� ����� �
�� ���� ��
� �
���� ��	� �		���� �	�� 	������

���� ����	�
 �
�� ��
���� ���� �����

 ���� ���� �	�� �	
��	

�������
�
�� �

� ������� ��	� �
	�	�� ���� ��� �	�� ��	
���

�����
��		�
 �
�� ��	�
�	 ���� ��	�� ���� 

��
 �	�� �	
�



��
���	���
� �
	� ����
	� ���� ��
�
 ���� �
 �	
� ����



���� ��
��� ���� �
����
 ���� 
	��� ���� ��� �	����	�
���

��	� 	����� ���� ������� ���� �
	
�� ��
� ��	�� �		� 
���		�

����	
��
��
 ���� ���	��
 ���� 
��
�
 ���� �	���


���������
	� ���� ������� ��
� ������
 ��	� ��	

Average instruction length � ���� parcels

� Information on conditional jumps

Awaiting operand � ���
���� 	���

Out of buffer � ����

� ����

Forward � ���
��	 ����

Backward � ���	��� ��	�

Not taken � ���

��	 ����

Total � �������� ����

Information on unconditional jumps

Out of buffer � ������ ����

Forward � �����
� ����

Backward � ������ ����

Total � �
���
� ����

��



Information on return jumps

Out of buffer � 

�
�� ����

Total � ������� ����

Information on B register jumps

Out of buffer � 
����� ����

Total � ��
���� ����

� Information on various operations

Clock periods account for � �
��
���

Scalar floating operations � ��������

Vector floating operations � �
��	��	�

Vector floating instructions � ��	���	�

Vector floating average VL � ��

Total floating operations � ����
��	�

Megaflops � ����

Scalar loads � �������


Vector loads � �	����		


Vector load instructions � ��	�
���

Vector load average VL � ��

Total words loaded � ��	�
����

Scalar stores � 
	�
���

Vector stores � �
����

�

Vector store instructions � 
���		�

Vector store average VL � ��

Total words stored � ��	
��	
�

� Virtual memory page status�

Page hits � ����
��

� Page loads � �
�

page modified used address page modified used address

� no ��
 ���
��� �� no 
�� �������

� yes �
 ������� �	 no 
�� �������

� yes �� ������� �� no ��	 �������

� yes �� ������� �
 yes ��
� �������

� yes �
 ���
��� �� yes ��� ���	���


 yes 	� ������� �� yes �� �������

� no 
�� ������� �� yes ��
 �������

	 no 
�� ������� �� yes �
 �������

� no 
�� ������� �� yes �� �������


 no 
�� ������� �
 yes �
 ���	���

�� no 
�� ������� �� yes � ��
	���

�� no 
�� ���
��� �	 yes �� ���	���

�� no 
�� ������� �� yes 	 ��		���

�� no 
�� ���	��� �
 yes 
 �������

�� no 
�� ������� �� yes 
�� �������

�
 no 
�� ������� �� no 
�� �������

� Simulator time used � ��
���� seconds

� Vector stride distribution

Stride Words moved

� ��
����	�

� ���������

� �	

����

� �����	��

�� ���
		��

�� �

�� ��
����

��� �

�
� �

��



B�� Statistics for optimized ARC�D run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � ���
��

Boundary buffer loads � �

Wasted buffer loads � �

CP waiting for loads � ����
��

Buffer Address

� ���
���

� Device interrupt status

Next� Dev � �� PN � �� Time � 
����	�����
�		
��	

Dev PN Time

� � ��

	����


� Total instructions executed � ��������


Individual instruction counts�

���� � ���� 

��

� ���� 
	��	 ���� ���� �
�� 
���

���� � ���� � ��
� � ��	� �
	
� �
�� ������

���� ����	�� ���� ��
�� ���� ���
� ���� ����	 �
�� 
���

���� ����� ��
� �	��� ��	� ����� ���� ��
�� �
�� �

���� ��� ���� ��	�
 �	�� �
��� ���� ����� �
�� ����
��

��
� ���	�� ��	� ���
�� �	�� ��
��
� ���� 
�� �

� �

�

���� ����� ���� 	�	��� �	�� ��� ���� ���
	 �
�� ����

��	� ��	
�� ���� ���� �	�� 


��� ��
� ��

	� �
	� ����

���� ���

� ���� ���	��
 �	���������
 ���� ����	
 ���� ��	���

���� �����	� ���� ������ �	
�����	
�� ��	� ����
	� ���� ��	
�	


���� ����� ���� �����
� �	�� ����
� ���� �
��� ���� �

���� ��
�
 ��
� 	�
� �		� ��	��� ���� 		�� ���� �

���� ���

	 ���� ��

� ���� ����
 ���� ��

	 ���� 


	���

��
� �	�
�� ��	� ����
�� ���� �
�� ���� ����� ��
���	�
�
�

���� ����
 �
�� ����� ���� ����� ���� ����� ���� �

��	� ���
��
 �
�� ����
	� ���� 

�� ��
� 

�� ��	� ����
��

���� 
������ �
�� �
��
 ���� ��
�� ���� ���
� �	�� �	����

���� ���� �
�� �	�� ��
� �
	� ��	� ��	�

 �	�� ���
���

���� ����	�� �
�� ���
��� ���� ��
�� ���� �
��

 �	�� �
����

�����
����

 �

� �����	
 ��	� ����
 ���� �� �	�� �����
�

����
����	�� �
�� ���	� ���� �
��
 ���� �

��� �	�� �����		

��
��
��
��� �
	� 
���	 ���� ���� ���� �
�� �	
� ��

���

���� �
�� ���������
�
 ���� 

�� ���� �	 �	����
�
���

��	� 
�		 ���� 
	��
� ���� 

�� ��
� ��� �		���
�����

����������	
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B�� Statistics for optimized DYFESM run under sim
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B�� Statistics for optimized MDG run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � 	�����

Boundary buffer loads � �
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CP waiting for loads � �
������

Buffer Address

� �������

� Device interrupt status
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Information on return jumps
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B�� Statistics for optimized MG�D run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � �����	

Boundary buffer loads � �

Wasted buffer loads � �

CP waiting for loads � ����
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Information on return jumps
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B�� Statistics for optimized OCEAN run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � ��
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CP waiting for loads � �
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Information on return jumps
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B�	 Statistics for optimized QCD run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches

Coincidence check cost � � CP

Total buffer loads � 	�����
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CP waiting for loads � ��
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 Statistics for optimized SPEC�� run under sim

� Information on instruction buffers

Buffer count � �

Buffer size � �� words

No bypass on boundary out fetches
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B��� Statistics for optimized SPICE run under sim

� Information on instruction buffers
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B��� Statistics for optimized TRACK run under sim
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Buffer size � �� words
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