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TELEFUNKEN TR440 @ FAU [1982]

My first computer: used in programming class in 15t semester computer science
e Fastest computer developed in Europe at this time (end of the 1970ies)

e Dual processor! = BUT, FAU had the only 3-processor version!

e Amazing huge 1.5 Mbyte main memory

e Programming via punch cards Fem L il
(Algol60, Fortran 1V, etc) U

e InfO

e English: https://www.chessprogramming.org/TR_440
e German: https://de.wikipedia.org/wiki/TR_440
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https://www.chessprogramming.org/TR_440
https://de.wikipedia.org/wiki/TR_440

CONTEXT

e Der SFB 182
e Multiprozessor- und Netzwerkkonfigurationen®
e Four 3-year phases (1987 — 1998)

e Work Package C1

e ,Messung, Modellierung und Bewertung von
Multiprozessoren und Rechnernetzen®

e Parallel system development @ FAU IMMD
e EGPA (Erlangen General Purpose Array)
 DIRMU (Dlstributed Reconfigurable Multiprocesser Kit)
* MEMSY (Modular Expandable Multiprocessor System)

Member of the Helmholtz Association 21-Oct-2025 Page 4
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FAU Motivation (4)

O problems with monitoring non-sequential
systems:
— distributed system <« central monitor
— global time (virtual, real)
— non-reproducible behavior
— “Probe Effect”

d other problem: many different objects
— structure / configurations

— operating systems
— programming models
— applications

O but: almost the same tasks

m requirement:

object independent
Trace Monitoring and Analysis System

PR YaVaY =

D D =
£1°ULIELULZO mraytc o

Bernd Mohr Z-5
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M
AU Monitoring (2) D

[ monitoring techniques:
— software

— hardware
— hybrid
i1 elle] Event Recorder Board

memory

O
— hardware
SW 4[J monitor

object system

w  hybrid monitoring:

— event definition by inserting monitor
instructions into the software
(instrumentation)

— event recording and timestamping
Wlth hardware y JULICH
l J U L I c H SUPERCOMPUTING
Forschungszentrum CENTRE
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FAU Monitoring (4) FAU Monitoring (5) w

(object nodcﬂ (node,)  (node,)
I R

||| N - N

Iinterface1

4N

Fntt—érface2 i

interface

DPU

event o ormal”
recorder —
(< lakuestiog rgc\:/grnc}er
@ Lou{.':,umh'cm
(1 event recorder:
— IBM PC-AT compatible host interface
— high-resolution clock [100 ns] ‘ 1 event recorder:
— 10,000,000 events/s peak rate j"f, ;‘,:“;f"“‘f’ — 4 independent event streams
— 32K x 96 bit event buffer (FIFO)—L 48 eveat data n,+n,+n,+n, <48 bits

— 10,000 events/s mean rate (per MA)

Page 7
Bernd Mohr U=7 Bernd Mohr u-




M
AU Monitoring (7)

oo @odea (nodeDo oo

» tick
channel ]
MTG

1 Measure Tick Generator:

— global time synchronization
— global start / termination
— fault-tolerant clock i sync cveats

sync ok detection
> veri Ccation o‘F clock data possiue

F/]U Monitoring (8)

T object systen

1

data channel

[ Central Evaluation Computer
— central control
— gathers traces via data channel
— central (off-line) evaluation

distributed monitor system ZM4.:
w adaptable to arbitrary computer systems
m global time with high-resolution [100 ns]

e e —

Bernd Mohr U-10

b ey

Bernd Mohr U=11



ource related and

ntegrated

ultiprocessor and -computer

erformance evaluation,
mode ing, and visualization

nvironment

/
event'record\
I ¢
event record
7 SN

/SIMPLE\

TN IRREN

; 20

800 800
15

"600 600
400 b 400
200 ¢ 5 200

0 [ 0 .

0 10 20 30 40 50 0200 600 1000

Member of the Helmholtz Association 21-Oct-2025 Page 9




FAU Event Trace Access (3) m%w FAU Event Trace Access (4) mgm”

O eventtrace handling with POET:

analysis w generic abstract data type
tools

‘event trace

trace segment

< key file ) | |event record

event record

Tracelnfo 'ql—l—nfgt

event record -
O Problem Oriented Event Trace interface field | | field J...] field r - POET §p——\$m° F
O advantages: T | l . o
: . Val
w jndependent of event trace formats . aueBufferh—g—o
w standardized trace access interface trace segment

w reusable function library in C
w problem-oriented access

Page 11
Bernd Mohr Z-9 Bernd Mohr Z-10



FAU Event Trace Access (5) '"gn" AU Event Trace Access (6) M%ﬂ

Gvent record

: l]}'[fvent timestamp | parameter
analysis . il . —
@ oal” 1. A= — L :
TRACE DESCRIPTION:
TRACE IS UNSEGMENTED;
DATA REPRESENTATION:
4-BYTE ORDER IS 3-2-1-0;
EVENT RECORD:
TOKEN: NAME IS EVENT;
LENGTH IS 1 BYTE;
R VALUES ARE [#04, #OE, #0A, #16, #1E, ...];
d event Trace Description Language INTERPRETATI[ON ]
. #04 = ’lterationStart’,
 differences to other systems: #0E = ’SynchronizationStart’,
m problem-oriented description TR s hiomewionsan,
m description of representation possible FTIME_ MR 18 ACCUSTION:
m ASCII + binary trace formats FORMAT IS (UNSIGNED * 4, 100 ns );
MODE IS POINT;
1 advantages: 'CASE EVENT IN
: 'lterationStep’: .
m trace documentation DATA: NAME IS lterationNumber;
m syntax and consistency checks FORMAT IS INTEGER * 2;
w fast initialization of POET LE'.“D
Page 12 Bernd Mohr Z-13

Bernd Mohr Z-11




FAU | Event Trace Analysis (5)

[ example: FDL description

ANIT < global variables>;

START FILTERMODULE :
NAME IS <name>;

ACTIONS
: IF <condition>

DO

PASS RECORD;
SET <variable> = <expr>;

SWITCH TO <name>;
END

FILTERMODULE :
<name>
- ACTIONS

PASS RECORD:;
IF <condition>

INCREMENT <variable>;
IF <condition>

DECREMENT <variable>;
IF <condition> EXIT;

N

Bernd Mohr

Page 13

FAU | Event Trace Analysis (5)

B{HD

O example: FDL description

@IT COUNTER no_of proc;

START FILTERMODULE :
NAME IS search_begin;
ACTIONS
~|F EVENT=='PrgStart’ AND
PROCESSOR=='"Master’
DO
PASS RECORD;
- SET no of proc = 1,
SWITCH TO program_only;
END

FILTERMODULE :
NAME IS program_only;
- ACTIONS
PASS RECORD;
IF EVENT == 'PrgStart’
INCREMENT no_of proc;
IF EVENT == 'PrgEnd’
- DECREMENT no_of_proc;

L IF no_of proc==0 EXIT;

Bernd Mohr



#U

Event Trace Analysis (6)

trace validation:
test whether measurement OK
confirm expected behavior

[ 3
[l 2
Iy

a

fin

d unexpected behavior

tool CHECKTRACE

for standard tests

tool VARUS

VAlidation RUles checking System
allows user specified and
problem-oriented assertions:

7

-

ELSE "lterationNumber sequence erro

ASSERT

NUMBER (EVENT=='lterationStart’) =
NUMBER (EVENT=='lterationEnd’)

ELSE "lteration counting error" ;
ASSERT

lterationNumber INCREASING BY 1

"

~

Bernd Mohr ST

C-17

Page 14

AU

Event Trace Analysis (2)

Q

[T 2

[ 3

example: trace statistics

command language < iool features
FREQUENCY <field name>

DISTANCE <expr>

identifiers, values < irace data
FREQUENCY EVENT
DISTANCE EVENT == 'receive’ AND

NODE == 'server

for application-dependent features:

m predefined standard names
= EVENT
— ACQUISITION
-~ NODE
— PROCESS

w predefined standard event types
— send/ receive

Bernd Mohr

Z-13



Trcstat Description Files

Q general:

e FREQUENCY <fieldname>
[ NAME = <identifier> ]

* DISTANCE <situation>
[ NAME = <identifier> ]

® DURATION <situation> <situation>
[ NAME = <identifier> ]
MODE = ALTER | STACK | QUEUE

<situation> := <event> [ @ <fieldname> ]
Q duration modes:
ALTER STACK QUEUE
start
start =»
end - :l P
end = - o« (
& T 55
3 ! !
o
N -
wn
T I
o
8 . % X e
|
o
w -
<
o
o - T
< |
ke
‘Master Slave1 Slave2

Member of the Helmholtz Association

e

Duration Relaxation [ms]

G01H DURATION ’RelaxB’ 'RelaxE’ PF{OCESSOER

#01S 461 [ ms]on Slave2
#01S 523 [ ms ] on Master
#01S 527 [ ms]on Slave

#01S 470 [ ms]on Slave2
#01S 502 [ ms ] on Master
#01S 520 [ ms]on Slave1

/

#01T Master Slave1 Slave2

#01T no: 231 231 231 693

#01T min: 500 500 450 450 [ms]
#01T max: 549 549 499 549 [ms]
#01T mean: 524 524 475 508 [ms]
#01T  var: 207 215 216

\ 748 [ms]/

o9 se
@) JULICH | i
SUPERCOMPUTING
Forschungszentrum CENTRE
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AU Event Trace Analysis (8)

.

O activity:
— interval in the dynamic behavior
— 'defined by sequences of events

O inspired by EDL [Bates]

 tool FACT
— Find ACTtivities
— allows user-specified and
problem-oriented activity definitions
as regular event expressions

#

ACTIVITY lteration IS
lterationStart — lterationStep *
— Sync ?
— lterationEnd
END

N

\

)

Bernd Mohr

C-19

/.

JULICH

Forschungszentrum

JULICH
SUPERCOMPUTING
CENTRE



AU

Event Trace Analysis (3) M&*

O Gantt diagram:
program activities versus time

functional dynamic behavior
dependencies of activities
duration of activities

[d tool GANTT

e

Sync
Intp
Rest
lter
Rela
MGZ

Sync
Intp
Rest
her
Rela
MGZ

Sync
Intp
Rest
Iter
Rela
MGZ

f--

B

Master

=

T—

o

Slave1

W

| R | L O

J |

-

1800

T T T

1810 1820 . 1830 1840 1850 /

Time in [ms]

Bernd Mohr

Z-17

® GANTT DIAGRAM [<name>] WITH
<phase> : <evlist>

END

-
4

® ACTIVITY GANTT DIAGRAM [<name>] WITH
<phase> : <evlist> TO <evtlist> ;

END

¢ NUMBER GANTT DIAGRAM [<name>] WITH
TO <num>

RANGE IS <num>

INCREASING BY <evlist>
DECREASING BY <evlist>

END

.
r

-
r

®* FOR <tokenname> <interpretlist> DO

<ganttdescriptions>

END

/RESOLUTION IS ms
LOWER BOUND IS 1800
UPPER BOUND IS 1850

FOR ALL PROCESSOR DO
GANTT DIAGRAM WITH

Sync : SynchronizationStart;
Intp : InterpolationStart;
Rest : RestrictionStart;
lter : lterationStart;
Rela : RelaxationStart;
MGZ : MGStart;

>

JULICH

Forschungszentrum

phasel —
phase2 _J_,_L
phase3 —
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M
FAU example: trace analysis MU example: animation m@"

. data analysis and graphics package S (AT&T) « animation tool VISIMON
— high-level programming environment — based on X-Windows (X10!)
— interactive query language — user specified animation description
— S-POET interface | — program and data animation

— "slow-motion" and "event-by-event" mode

ﬂs initkey ("mgz.key") \

> readtrace ("mgz.trc")

> end <— ACQUISITION [ EVENT=='RelaxE’ &
PROCESSOR=="Master’ ]

> beg <— ACQUISITION [ EVENT=='RelaxB’ &
PROCESSOR=="Master’ ]

> hist (beg —end)

o
(5]

15 20

Frequency

10

\ Duration Relaxation on Master [ms] /

Bernd Mohr z~ 12

P
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7U

Applications

object system/
operating system

monitor /
interface

application

DIRMU / DIRMOS

logic analyzer
ZM4 / parallel port

numerical application
simulation program

Transputer ZMa4 / link adapter communication
ZM4 / bus adapter system TRACOS
SUPRENUM / ZM4 / ray tracing
PEACE 7 segment display
IBM-PC / ZM4 / Centronics protocol software
08s/2, MSDOS B-ISDN, FDDI
IBM-PC / XENIX ZM4 / Centronics protocol software
SUN4 / SunOS ZM4 / VME bus X-Windows
SIEMENS ZM4 / SMP bus robot control

robot control

software

CCC3280 / XELOS | software monitor multiprocessor UNIX
IBM-PC network | ZM4 / Centronics | F°gs Lonoupenision
Bernd Mohr ST C-22

IBM Zurich
Research Lab

IBM ENC
Heidelberg

Siemens
Erlangen

Siemens
Munich

Fudan Univ.
Shanghai

/.

DIRMU (FAU, 1985-1988)
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SUPRENUM

e German: SUPerREchner fur NUMerische Anwendungen
e English: super-computer for numerical applications

e German research project to develop a parallel computer from 1985 through 1990
e Major effort aimed at developing a national expertise in HPC both at HW and SW level
e Developed 256-node Suprenum-1

e Fastest massively parallel MIMD computer in the world during a period in 1992

e Still, project was canceled and considered a commercial failure

e hitps://en.wikipedia.org/wiki/'SUPRENUM

JULICH
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https://en.wikipedia.org/wiki/SUPRENUM

ASSESSMENT [~1990 !!1]

 What worked
e Hybrid instrumentation
e Sophisticated and highly advanced hardware monitor (ZM4)
e Fully flexible trace analysis framework (SIMPLE)

e Generated by different sources (SW tracing, HW monitoring, LANalyzer, log files,
simulation outputs, ....)

e Of diverse applications (MP Unix, network stack, simulations, robot control software)

e What didn’t
* ZM4 too expensive for really large configurations
e SIMPLE unusable by non-expert (highly complex programming required)
e [FF issue: what’'s wrong? Investigated target”? Description?

JULICH
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THE POSTDOC YEARS

1993 TO 1995 / UNIVERSITY OF OREGON, EUGENE
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CONTEXT

 ARPA funded project “pC++”

e Programming Environments, Compiler Technology and Runtime Systems
for Object-Oriented Parallel Processing

e Dennis Gannon, Indiana University
e Postdocs: Pete Beckman, Francois Bodin

e pC++ compiler and runtime system, Sage++ toolkit

e Languages, Libraries and Performance Evaluation Tools for Scalable Parallel Systems
e A. Malony, J. Cuny, University of Oregon
e Postdoc: Bernd Mohr

 TAU program analysis tools

JULICH
SUPERCOMPUTING
CENTRE
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pC++ — The Programming Language Ideas

Q regular C++: programmers apply operators and functions to
objects as “messages”

class Cbj { foo ()
int x;
void foo();

Yi
Cbj myOQObj;

myObj . foo () ;

Q pC++: this conceptis extended so that an operator or function
can be applied to a large set, grid, array (:= collection) of
objects (:= elements) in parallel

Collection Vector { ... };
Vector<Obj> paraObj (AlignObj, DistrObj) ;
paraObj.foo () ;

55550

foo

Bernd Mohr University of Orsgon May ‘95

Page 24

Sage++

Q C++ class library for building program analysis and
transformation tools

(W

contains parsers for Fortran 77 / 90, ANSI C, and C++

O organized as a class hierarchy for accessing and modifying the
parse tree, symbol table, and type table

user program:

parse tree:
class x {

{ class x )
float v;
float sety(float);

void hello () {

AD{Eloat sety(float{) y =5;
printf (“*hello”);

}

void hello()

(%rintf (“hello”):>

N

symbol table:

type table:

class

float

float function ||

void function

PDB

Bernd Mohr University of Oregon May ‘95



TAU LOGO EVALUATION

v¢ Tools Are Us %k

VX Tuning and Analysis Utiliies %€ TAU Performance System ®

JULICH

[ X )
) g
C 9 J U L I c H SUPERCOMPUTING
Forschungszentrum CENTRE
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The pC++
Programming Environment

T static
analysis tools

PCH+
compiler

T dynamic
analysis tools

external performance too

POPEYEZ SIMPLEE] UpShot & Pablo

Page 26
Bernd Mohr University of Qregon Mar ‘95 g

v¢ Tools Are Us %

@  Currently available T tools:
O cosy (COmpile manager Status displa)
O fancy (File ANd Class displaY)
cagey (CAIll Graph Extended displaY)
classy (CLASS hierarchY browser)

racy (Routine and data ACcess profile displaY)

0O O O

speedy (Speedup and Parallel Execution
Extrapolation DisplaY)

O

breezy (BReakpoint Executive Environment for
visualiZation and data displaY)
Q Prototypes:
O easy (Event And State displaY)
dandy (Di.stributed Array Navigator DisplaY)
crafty (ContRol flow And FuncTion displaY)
geeky (GEeky Editing and symbol looKup display)

O O O O

O T can work with a local or remote pC++ language system

o T originally designed for C++/pC++ programs

'POPEYE, DAQV (data and performance visualization)

Bernd Mohr University of Oregon

May ‘95




v¢ Tools Are Us J¢

O Providing a user (program-level) view
w T graphical interface objects represent pC++ language
level objects: collections, classes, methods, functions
O  Support for high-level, parallel programming languages
w T designed and implemented in concert with pC++ system
w T translates low-level performance data < language level
@ Integration with compilers and runtime systems
mw T integrated with pC++ runtime system
w T uses Sage++ for access to Program Data Base (PDB)
O Portability, extensibility, and retargetability
w T implemented using C/C++ and Tcl/Tk for portability
w T implemented as hypertools for extensibility
w T uses Sage++ for retargetability
Q Usability
m T tool objects represent hyperlinks
o T supports global features
w T has on-line hypertext help
Bernd Mohr University of Oregon Mar ‘95

Page 27

vt Tools Are Us %

Hypertools

w T tools are distinct tools, but they act in concert as if they
were a single, monolithic application

w  implemented using hyperlinks and global features

Hyperlinks

w T graphical interface objects act like in hypermedia
documents

w  selecting an object of interest brings up a more detailed or
related view of the object

e.g., selecting a class in the class hierarchy graph
displays a table of class members

O [global features

= synchronized hyperlinks: execution of a global feature in
one tool automatically updates views in the other tools

w currently implemented:
O select-function O load-depfile

O select-class () select-callsite

Bernd Mohr

University of Oregon Mar ‘95
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Implementation of

Eile Yalue Qrder Mode . °

lobal features

Help Eile Yalue Mode . = Help

node 0 9.90%

node 1 10.63%

node 2 9.99%

node 3 9.43%

node 4 10.58%

node 5 11.39%

node & 10.69%

node 7 10.04%

node 8 10.04%

node 9 10.79%

node 19 10.5%

node 11 9.50%

node 12 9.46%

node 13 10.00%

s gm

node 15 8.92% J

v

close I

proc globalSelectFunc {fid} {
localSelectFunc $fid
foreach tool $selectFuncTocolList {
if [ isRunning $tool ] {
send $tool "localSelectFunc s$fid"

// public

void Grizcomm3()

int i,3:

poxx_UserTimerStart(COMM) ;

cy3(1) ey2(y €
this->surf2bufii,. j.1);
this=->surf_from_buf(i.13.1);

3
pexx_UserTimerStop (COMM) @

Eile Yiew I

Help

= || Grinorm2ud . . .
> mg3P

> || oops.

> || Grzpsiny

tu Gridoc_psiny . ..
|| Gripvies e comm) . . . |
= || Grimn3 ...
L> || Grzpsiny

> || Griinterp . ..
> || Gr:resid . .

> || Gr:psinv

|| Grdoc_psinv . . .

Bernd Mohr

University of Oregon August ‘95
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TAU / COSY
Main Control Panel / Compile and Execute Manage

File fAppl

host:
dir:

bachelor (ptx)
sage/TestSuite/Mgrid

File: |mgrid.dep

Functions defined: 410
Functions used: |58

Functions profiled:

main{int ik main {

r

NUMPROC: |16

x = foolik

int i foo
float x; bar

HooIomo

TRACEFILE:

W basic

- breakpointing

MAKE | run| stop| exit|

W kernel [~ user2

EVENTCLASS: [ runtime 7 user3

File Qptions [~ timers [~ userd
- normal ¢ profiling . tracing ™ trace W profile

[~ userl

cancel |

executing: prf-symmetry —-pcxx_NUMPROC 16 ... done

Start!

Kernel B: Solving a Poisson problem on a
using 12 multigrid iterations

32 by 32 by 32 grid

Machine “This Machine”

4 x 4 x 1 Distribution on the following processors:
{ © 4 8132 )
¢ 1 8- 813)
( 2 6 10 14 )
¥ 3 ¢&31 385 )
ME1Ed s

B. Mohr

University of Oregon

August’'95
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File

Files
distarray.h

kernel-SMRTS ., h
kernel.h : i
(e e ]

pcxx.h

Functions (mgrid.pc)

";;;tc-or_ﬂaln
bubble
coarse_grids
elf

mg 3P
oops
randlc
vranlc

5

Classes

Align mﬁ
DistributedArray normal ize_norm
Distribution print /7 public
| R ey O § TS processor_norm2u3 Jvold Gr::commi() £
8 int i.j:
Kernel psinv pcxx_UserTimerStart (COMM) :
SuperkKernel resid cy3(id cy2(jy) €
s_elem this—>surfZbuf(i,j.1):
sorted_item I this—->surf_from_buf{i,
surf2bu 3
L sl P ¥ - pcxx_UserTimerStop{ COMM)
=z K */

13132

.
-

// wxwxsx spread_and_comm3
//public

= spread + comm3

N

this— (1

__this—

cy3(i) cy2(j) € e

B. Mohr

University of Oregon

August’95
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CAGEY
Static Callgraph Browser

File View

File VMieuw

Distribution::Distribution
My!::ﬁigl

/ Pl

/ coarse _grids .
|| Gr::whe_is_nwyproc
|| Kemel::Get_ElementPart . ..

)

|| Gr:zran3 . ..

)| Groresid . . .

Nl Gr::ResetNorm2u3

|| Gr::nonmalize_norm

\

» || Gr::LocalBroadcast .
| GetFrstiLocalElementindex

)l SuperKemel::() ...

|l oops

\7%

)l Gr:jprocessor_normzud . ..

|| Kemel::Get_ElementPart . ..

> || Grznomm2u3 . . .

—» mg3P

> |l oops
|| Gr::psinv

|| Gr:loc_psinv . . .

L || Grpr3 ...
L || Grpsiny

|| Grzloc_psinv . . .

| || Grainterp . . .
> || Grivesid . . .
> || Gr:psinv
|| Gr:loc_psinv ...

L || Grzinterp . . .

iiit‘:'::sprm_ad_lr:bmm:i s

f_f,.'u&m

u Grp3

» || Gr:doc_psinv . ..

(|| Gr::spread_and_comm3 . . . |

II Grinterp

> || Gr:doc_rpr3 . ..

— || Gr:doc_interp . . .

\

||| Gr:spread and comm3 . ..

" Gr::spread_and_comm3 . ..

B. Mohr University of Oregon

August’95
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CLASSY

Class Hierarchy Browser

File View

0 public function
normal ize_norm element function

print element function
processor_norm2u3 element  function
psinv public function
resid public function
rnm2_tmp public variable
ramu_tmp public variable
rprj3 public function
set_value public function

public variable

public function

private variable
stop private variable

lshow| select|

B. Mohr

University of Oregon August’'95
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PPROF / RACY "C
Parallel Program Profiler

U uses instr tool to dynamically instrument
O entry and exit of

w  functions, class member functions, constructors,
and destructors

w in the user application and the pC++ kernel

O uses “profile-instrumented” runtime system

u (data gathered for each profiled function: h

O time spent in function including and excluding its children

O  number of calls

J
é . )
1 | data gathered for each pC++ collection:
O number of local and remote accesses per node
\ J

O profile data is stored in one file per node in a
machine-independent format

O  pprof: prints ASCII profile report (like UNIX’s prof)

L racy: graphical profile data browser

Bernd Mohr University of Oregon Mar ‘95

4 Example pprof Output

$time msec total msec #call usec/call name

100.0 15.761 28.869 1 28869157 Processor Main
14.5 4.166 4.172 1 4172459 initw
12.2 3.512 3.512 560567 6 Vector::get
6.9 9 2.004 2 1002201 DistVector::DistVector
6.6 1.91¢9 1.919 44 43628 Barrier
5.9 1.694 1.694 32 52958 Vector::allocData
5.5 132 1.578 1 1578414 poisson_solve
2.9 1 835 32 26117 ParSinTransform
2.9 638 833 32 26055 Vector::SinTransform

local remote collection

accesses accesses num name
16619 496 0 F
9789 5 1 u

// similar output from other 31 processors deleted

FUNCTION SUMMARY (mean):

100.0 15.312 28.301 1 28301704 Processor Main
14.4 4.058 4.064 1 4064819 initw
12.4 3.519 3.519 563042 6 Vector::get
7.9 2.246 2.246 44 51065 Barrier
7.1 9 2.004 2 1002249 DistVector::DistVector
5.6 116 1.578 1 1578486 poisson_solve
4.8 1.348 1.348 32 42138 Vector::allocData
3.0 1 845 32 26418 ParSinTransform
3.0 640 843 32 26356 Vector::SinTransform

COLLECTION SUMMARY:

DistVector<Vector> F, collection #0
513 elements of size 4216, l-dimensional
532996 local / 15841 remote accesses
DistVector<Vector> U, collection #1
513 elements of size 4216, l-dimensional
282720 local / 423 remote accesses

Page 33
9 Bernd Mohr University of Oregon

Mar '35



RACY

Parallel Program Profile Visualizer

Eile Configure Help
Eile ¥Yalue Mode
Functions v Collections
node 0 9.90%
node 1 ] 10.63% node 0
node 2 9.99% node 1 L
node 3 9.43% node 2 w
node 4 10.58% node 3 "u
node 5 11.39% node 4 “u
node 6 10.69% node 5 *u
node 7 10.04% node 6 *u
node © 10.04% node 7 *u
node 9 10.79% node 8 "u
node 10 10.15% node Eile Mode Help |
node 11 9.50% node 10 Grés_elem> =r
2 node 11
byt e 16 elements of size 10480 [167,7 kBI
node 13 10.00% node 12
58 s node 13 2-dimensional shape
wiak ﬂnm node 14 total 79.07% 20.93%
1 node 15 o
el 4 node 0 494%  1.82%
node 1 494% 1.10%
node 2 494% 1.34%
node 3 494%  1.10%
File VMalue QOrder N 7ﬂolp b & 494%  1.56%
mg3P 30.74% node 5 494%  1.10%
P 2051% node 6 494% 1.34%
Processor_Main 17.15% L 1.10%
pexx_Barrier 13.42% 105%
Gr::spread and _comwn3 E‘lle nr\der ﬂelp 1.10%
- aan B e e e e 1.34%
Gr-normzu3 I 1.61% %time mSec total msec #call wusec/call name 1.10%
Grozran3 | 147% 39.6 25.054 25.065 12 2088779 1%
Grz:inil_elem 26.4 16.713 16.713 32768 510 1.10%
el 26% 100.0 13.978 1:03.351 1 63351668 1.34%
o 0 17.3 10,934 10,934 2500 4374 1.10% —
-oum- 14 a.064 j. 870 170 52177 i A
31.8 3.459 20,172 1024 19700
close 2.7 1,309 1.689 14 120698
S S —— 34.1 954 21.607 1 21607469
1.3 798 798 3 266097
0.3 214 214 6 35763
0.0 16 17 89361 0
%’m——_j

B. Mohr

University of Oregon

August’'95
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Event Tracing Support Tools

pCcXXx_merge:

O merges node traces to global system trace
according to timestamps

O establishes global timescale, if target system
doesn’t have global clock

pcxx_convert: trace format converter
O generic ASCH

O alog
O SDDF

Event Trace Tools
easy

O T event trace browser for alog format

SIMPLE (University of Erlangen, Germany)

O trace format independent event trace analysis environment
Upshot (Argonne National Laboratory)

O simple+portable X11 event trace browser for alog format
Pablo (University of lllinois)

O sophisticated event trace analysis environment
based on SDDF format

Bernd Maohr

University of Oregon August'95

EASY

Event Trace and State Browser

Graph Panel
Layout: eventState
TimeSlices; 96915364

Cpus: 16

..................

Draw From Page:

|

Event 50:
Description:

on
Cpu 6 occurring
at time 2531158

close 1

State S:

Description:

DistVector::Dist

Change State Colors
QuIt

|

Scrolling from time 0 to time 5, 34813e+06,

barrier

1892334 and
ending at
2422103,

Page 35

/.

on another:
State 15:

State 10:

Description:

————————— on Cpu
6 starting at

isapases This
state 1s nested

Processor_Main

close i

JULICH

Forschungszentrum

To Page: it il
on Cpu 3
Order Cpus starting at
A AJ 2628906 and
_ Zoom In I{ §ending at
g ‘& l 5348126,
— This
N ;-! m I state is nested
Events on another:
r& I State 15:
Processor_Main
Change Event Colors _LJ

JULICH

SUPERCOMPUTING
CENTRE



ExtraP T
Performance Extrapolation and Analysis
U ExtraP

O high-level event tracing of a n-thread pC++ program on a
uniprocessor workstation

O trace-driven simulation for prediction of performance on
n-processor parallel machine

pC++ pC++ pC++
Runtime System Compiler /™ Parallel Progra
|
Executable
Sequential
Thread Package Machine

Trace files from n-thread program
execution on one processor

Compute
Model

(Trace Translation )
Message Sync)

Model Model |dealized predicted trace files for
y concurrent execution on n processors

Grace-drwen S|mulatc9—, Simulation Pi):gfr;nuég:s

Predicted
trace files

Trace Analysis

Predicted Performance Metrics

Bernd Mohr University of Oregon May ‘95

SPEEDY

Performance Extrapolation and Analysis

Eile Help ||

Compile | View/Set Parameters | Run Experiment |

varying parameter 1: |Number of Processors

+ pouwers of

.~ random sequence |1

 multiples of from to I~ including 1

2 from |1 to |16

values: |1 24816

varying parameter 2: [Latency

values: [0 200 400 600 BOO 1000

Execution Time [s]

10

4 multiples of |200

+ powers of

from |0 to [1600 1 including 1
from to r—
+ random segquence W SRR S —

%0

*—% 200
*—x 400
w v 800
#-% 800
*—x 1000

ExtraP

General

| Barrier |

|

Processor |

Runtime System

| Interconnect Network |

Network Interface |

IPPOCEBBOP

MipsRatio: |0.41

ProcessMsgType: Ilnterrupt ible

Polling Period: (0,0 [us]
= JULICH
~100 | -10 | -1 | +1 | +10 | +100 | SUPERCOMPUTING
CENTRE
Page 36 Reset | Load | Save | Close




pC++ — Supported Systems

Q Shared memory systems

O Kendall Square KSR-1/ KSR-2
Sequent Symmetry (under Dynix + PTX)
SGI (Power) Challenge + Onyx
Convex SPP-1
(BBN TC2000)

© 0 0 O

G Distributed memory systems

T™MC CM-5

Intel Paragon

IBM SP-1/SP-2

Cray T3D /| T3E

Meiko-CS2

Workstation Clusters with PVM + MPI (homogeneous)

OO RNORNO RN ORN®

O UNIX Workstations (SUN, HP, DEC, IBM, SGl, ...)
O serialized
O thread-based (Pthreads, LWP, AT&T tasks, Awesime)

w  The same pC++ program will run without modification on all l X JOLICH
platforms J U L I c H SUPERCOMPUTING
Forschungszentrum CENTRE

Member of the Helmholtz Association Bernd Mohr University of Oregon May ‘95



BEYOND PC++

pgTAU — TAU for HPF

Tunctions (pdel.r) Il

4 ‘!Iﬂ““.'.u.w. Z’.,’;)w -
o
b it

= -> TIMES Ik SECONDS
E&E«uimmuvmnmm:

mmmememe==) TIMER IN SECONDS

con  RESZeRES (W, £ RED. M1 NE 1)
L

( The First calculation of CONE
E matches the 2.3 PARMACS

1 com-(nuzmx 0.1
:“ CONVR (SRR RESZ RESA | w3, ODO/BIRECNITER) )

ey i

]

" @ an.
-u*-v the 2 3 m. version (whicr | think is correct - dem)

En.rrncl wistion of AESZ mas the 2.3 177 ve 2nd
Em Zlm.wr-lmloaa\lmxmuwmt—t-b

reson.

F77 version, the 2nd
den)

version mm l t'wt 8 correct -

I ) M

-

TOEES

Eile Yalue dode L

Help

Lile Yiew elp |

Member of the Helmholtz Association

21-Oct-2025

Page 38

prototype port of
O fancy (function browser)
O cagey (callgraph browser)
O racy (profile data browser)

to HPF compiler system of The Portland Group, Inc.

changes needed for static browsers

O  pgdep
O tool for generating HPF PDB (Program Data Base)
O generated from intermediate f77 sources

O om

O new object manager which provides the TAU standard
static browser interface to HPF PDB

changes needed for profiling
O HPF compiler already supports instrumentation

O rewrite of the profiler runtime system functions to output
pprof / racy compatible profile data files

@) JULICH | i
SUPERCOMPUTING
Forschungszentrum CENTRE



ASSESSMENT

 What worked
e Early fully featured parallel programming environment (pC++ and TAU)
e Easy to use (build, run, analyze)
e Global features (hyper tools)
 Although build for / integrated into pC++, TAU was easy to retarget

e Undecided
e Most innovative or worst configuration system (before GNU configure or Cmake)

e What didn’t
e C++ parsing is just to complicated to be implemented within an University project
e Didn’t support traces very well

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association 21-Oct-2025 Page 39



THE LATER YEARS

1996 TO NOW / JULICH SUPERCOMPUTING CENTRE

JULICH | Lue
SUPERCOMPUTING

Member of the Helmholtz Association Forschungszentrum CENTRE




CONTEXT: 25 YEARS OF AUTOMATIC TRACE ANALYSIS

e 1999 — 2004 e 2006 — now
APART Vi-Hps

e EU ESPRIT + IST Working Group e Helmholtz Virtual Institute
e http://www.fz-juelich.de/apart/* e http://www.vi-hps.org/

scalasca ¥

=4
q“‘ﬁ

e Sequential analyzer EXPERT e Parallel analyzer SCOUT
e http://lwww.fz-juelich.de/zam/kojak/* e http://www.scalasca.org
*HINT: https://web.archive.org/ 9 :!rgul:g!zgﬂ %UEE_%:‘E?OMPUT'NG

Member of the Helmholtz Association 21-Oct-2025 Page 41



TRADITIONAL PERFORMANCE TOOLS

T
U

Huge amount of
Measurement
data

-~

Member of the Helmholtz Association

oo a2 s ‘
vamm
< Chi
T

Little
Simple
analysis

21-Oct-2025

Page 42

Even more

Derived analysis

Poor
User

4

/

9 -

/.

JULICH

Forschungszentrum

[2005]
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TRADITIONAL PERFORMANCE TOOLS

T
U

Huge amount of
Measurement
data

-~

Member of the Helmholtz Association

Little
Simple
analysis

21-Oct-2025

Page 43

Even more
Derived analysis
data

=9

JULICH

Forschungszentrum

[2005]
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SOLUTION PART 1: AUTOMATIC TOOL [2005]

T
U

Huge amount of | map %ERT N

Measurement Relevant
data _. problems
and data

-~

m For standard cases (90% ?!)
m For "normal” users
m Starting point for experts

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

orschungszentrum

Member of the Helmholtz Association 21-Oct-2025 Page 44



SOLUTION PART 2: EXPERT TOOLS + EXPERT [2005]

= e ol Frart (055 5261
e oo . = s
/\ — =
{
e - P s e
b + ' I =

Little s ———
Huge amount of  |wap| gSimple | =P
Measurement analysis E
ot ven more
Derived analysis
data

w
m For non-standard / tricky cases (10%)

= More productivity for
performance analysis process!

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association 21-Oct-2025 Page 45



EXAMPLE AUTOMATIC ANALYSIS: LATE SENDER

B i Ziiooiiriooiiiiioiiiiooiiiooiiiiooiiiioioiie pIIIIIIIiILInInIIIIIZIIoIZICiiiiiiciciciiiioa [ M
1.533 m=)
3.697 = 3.6958 = 3.699 =
. [ E=h
YELO

Proces=s O WELO

1P I _Send

1 MELO

2 VELO

3 YELD

Proce==s 4 WELO

Proces=s 5 WELDO

E YELO

Proce=s=s ¥ WELO MPI_Recw

l JULICH JULICH
SUPERCOMPUTING
Forschungszentrum CENTRE
Member of the Helmholtz Association 21-Oct-2025 Page 46



EXAMPLE MPI WAIT STATES

process

y

time

process

[

time

(c) Late Sender / Wrong Order

Member of the Helmholtz Association

L] ENTER

O exitT B SeEND

21-Oct-2025

process

y

process

B RrRecy B COLLEXIT

time'
(b) Late Receiver
H
time=
(d) Wait at N x N
' JULICH JULICH
‘ SUPERCOMPUTING
Forschungszentrum CENTRE

Page 47




PRESENTATION OF PERFORMANCE BEHAVIOR

* Performance behavior

— 3 dimensional matrix EEI—.— 100 main

— Hierarchical dimensions

« Weighted tree =
— Tree browser
— Each node has weight
* Percentage of CPU allocation time
* E.g.time spent in subtree of call tree
— Displayed weight depends on state of node
* Collapsed (including weight of descendants)
* Expanded (without weight of descendants)
— Displayed using
* Color
» Allows to easily identify hot spots (bottlenecks)
* Numerical value
» Detailed comparison

Member of the Helmholtz Association 21-Oct-2025 Page 48

10 main

30 foo

60 bar

IJ JULICH

Forschungszentrum
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PRESENTATION OF PERFORMANCE BEHAVIOR (2)

 Three views
— Performance property
— Call tree
— Locations

 Interconnected

— View refers to selection in
left neighbor

« Two modes

— Absolute: percent of total
CPU allocation time

— Relative: percent of
selection in left neighbor
« Collapsing/expanding of
nodes

— Analysis on all hierarchy
levels

&= ET

View

[2001]

= =1 E3

Perfarmance Properties

I Dynamic Call Tree

I Locations

B 0.0 Total
EHI- 838 Execution
0.4 MFI
0.0 MPI Communication

60 Collective
B 2.1 P2p

0.0 Late Receiver

CH 7.5 Late Sender
0.0 MPI Synchronization

Ferm e B W e B B

!

!

[ 0.0 openlink

—[- 0.0 openvisconn

- 0.0 checkvisconn

O 0.0 visconnupdatevisparm

EHO- 00 seconds

- 0.0 writepd

- 0.0 writepd

-1 0.0 resettime

- 0.0 dseconds

- 0.0 writeout!

f-C1- 0.0 dareyvelocity
#-H1- 0.0 incrementtime
H1- 0.0 writecutdreal
- 00 interpolateprofiles
- 0.0 visconnsendstatus

EHC- 0.0 finiteslementaassembledt
EHC- 0.0 applvboundaries
EH- 0.0 cgiteration

145 exchangedata
EHCF 0.0 paralleleg

] 0.0 parallelfernultiply
0.0 exchangedata
[ 0.0 dseconds
EH - 0.0 exchangebufferswf

[ 0.0 putdataintobuffer

[ 0.0 msend
- 0.0 mrecy

[ 0.0 getdatafrombuffers
- 0.0 paralleldotproduct
EHI- 0.7 exchangedata
O 00 writep2
L 0.0 writeprotocolreal
0.0 waitforlinkreacy
0.0 checkvariableboundaries
0.0 writep2
0.0 getparams
0.0 printtalink
0.0 visconnzenddarcyvelocity
0.0 closevisconn
0.
0.

0 closelink
0 end_comrmutils

Slelelelelalals

X

7

10 20 30

40 50‘ BD|

B 0.0 Zatpana
EHC- 0.0 zam00get
+HC- 8.4 Process 0
35 Process 1
FHF 0.0 zam003e2
4.2 Process 2
8.5 Process 3
0.0 zamO05e3
8.2 Process 4
3.4 Process 5
0.0 zamO03ed
45 Process B
[} 8.3 Process 7
0.0 zamO0Zes
[ 95 Process 8
47 Process 8
0.0 zamOOSes
34 Process 10
[} 5.2 Process 11
0.0 zamO03e?
[} 86 Process 12
45 Process 13
0.0 zamO03ed
3.7 Process 14
7E Process 15

EHE- _ EHE
[

[EH
[

EHH [EH [EH EHH

FHE
[

?EFIIIIIIIIBEFIIIIIIIISEFIIIIIIIIII

@) JULICH | i
SUPERCOMPUTING
Forschungszentrum CENTRE
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2 =w EXPERT: sweep3d.eap
File Views

Help

Ferformance Properties

!\ Dynamic Call Tree

TJanatinns

= 00 Total

Performance Property

B[] 488 Execution
CHE- 18 MPI

EH} 00 Communication
0.0 Collective
- 0.0 Early Feduce
|—|:|— 0.0 Late Broadcast
LE 05 Waitat Nx M
- 2.8 F2F
— 0.0 Late Receiver
L 00 Messages in Wrong Order
IJ;'}-.— 2.1 Late Sender
L [7Z Messages in Wrong Order |

1 o0 10
EHC 00 Synchranization
0.0 ‘Wait at Barrier

EH- 00 omp
[ 00 Fush
—l- 13 Fark
EH - 00 Synchronization
0.0 Barrier
0.0 Explicit
— 0.0 “Wait at Barriet
1.5 Implict
LI 2.3 ‘Wait at Barrier
00 Lock Competition
L oo AF
L} 0.0 Critical
[} 365 ldle Fireads

What problem?

B 00 driver

B 0.0 task_init
- oo mPIL_nit
[} 0.0 beast_int
[ - 0.0 barrier_sync
FHC1- 0.0 read_input
[ 0.0 decanmp
EH_F 0.0 inner_anta
B 0.0 inner
initialize
barrier_syhic
timers_
SOUFCE
FWEER
0.0 octant
0.0 rew_real
" Ml 12 MPI_Fecv |
0.0 omp parallel
0.0 omp do
L 00 t$omg barrier
—} 0.0 Homp ibarrier
- 0.0 shd_real
LI} 00 MPI_gend

= 0.0 glokal_int_sum
L 0.0 MPI_Alreduce
= 0.0 flux_err

0.0 Momp parallel
0.0 Yomp do
L 00 gamp ikarrier

B 00 global_
L oo i
EHC 00 task_end
L} 00 MPI_Finalize

Region Tree

Where in source code?
In what context?

B} 00 Linux Cluster

EHC 0.0 zam008e3

B[] 0.0 Process O
[ 0.0 Thread 0
[ 00 Thread 1
[ 00 Thread 2
[ 00 Thread 3
EHF 0.0 zamOOged

B[] 0.0 Process 1
- 0.7 Thread 0
—[1 00 Thread 1
[ 00 Thread 2
[ 00 Thread 3
EHC1- 0.0 zamO03eS

B 0.0 Process 2
—[1 0.0 Thread 0
[ 0.0 Thread 1
[ 0.0 Thread 2
[ 00 Thread 3
EHCl 0.0 zamO08e5

0.0 Process 3
[} 0.4 Thread 0
[ 00 Thread 1
[ 0.0 Thread 2
[ 0.0 Thread 3

Location

How is the
problem distributed
across the machine?

10‘ ZEI‘ SD‘

40

EEI‘ EEI‘ ?EI‘

%llll*llllllll*lllllllll
50 30

JULICH

Forschungszentrum
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EXAMPLE: SWEEP3D ON 8192 BG/L PES

(-~ CUBE: sweep3d_vn8192.cube [BIEE3W -~ CUBE Cartesian: 0 [=](][x]
File  ¥iew Help View Geometry Zoom  Colors
Performance Metrics | Call Tree | System Tree 5
7 (63,7, 15)
= [J 0.0 Time = O 0.0 driver = [ 0.0 IBM BG/L
= = O] 0.0 MPIInit = [ 0.0 ROO-MO-NF p (53,7, 14)
= [] 0.0 MPI [] 0.0 MPI_Bcast O 0.0 Process 0
= [ 0.0 Communication [] 0.0 MPI_Barrier & 0.0 Process 1 7 (63,7,13)
= [ 0.0 Collective 5| 1.2 inner O 0.0 Process 2
[] 0.0 Early Reduce [1 0.0 MPI_Barrier O 0.0 Process 3 7L T, 12)
O 0.0 Late Broadcast O 0.0 Process 32 T
2.0 Wait at M= N = [ 0.0rev_real [ 0.0 Process 33 it
= 35 P2P [ 0.0 MPI_Recy O 00 Process 34 - (63,7, 10)
[ 0.0 Late Receiver + [ 0.0 snd_real [ 0.0 Process 35
[ 13.9 Late Sender = [ 0.0 global_int_sum [ 0.0 Process 64 r (63,7,9)
[Jooio 1 0.0 MPI_Allreduce O 0.0 Process 65
O 11.8 Init:Exit [] 0.0 MPI_Allreduce O 0.0 Process 66 7 (63,7, 8)
= [ 0.0 Synchranization [] 0.0 MPI_Finalize O 0.0 Process 67
= [ 0.0 Barrier & 0.0 Process 96 p (63,7, 72
O 0.0 Barier Comple O 0.0 Process 97 T
O 0.0 Wait at Barrier ] 0.0 Process 98 il
[] 0.0 Overhead [J 0.0 Process 93 - (63,7, 5)
100.0 Visits O 0.0 Process 256
[ 0.0 Process 257 y (B3,7,4)
O 0.0 Process 258
O 0.0 Process 259 7 (83,7, 3)
O 0.0 Process 288
[ 0.0 Process 2839 p(63,7,2)
O 0.0 Process 230 EAT
[ 0.0 Process 291
[ 0.0 Process 320 (53,7, 0)
O 0.0 Pracess 321
O 0.0 Process 322 (2, 0,0}
O 0.0 Process 323 ILE,
[ 0.0 Process 352 i
[ 0.0 Pracess 353 |||| [N
] O 0.0 Process 354 1.1408-02 1.286e-02
]]]

|
‘ ‘
10 20 30

40‘ a0 BD‘

IIIIIIFIIIIIIIII L]
80 30

?D‘

100

[-1

“81 92 =1 |Executi0n -= sweep: 2005:40
L

06685145 (67.6495%) excl

Member of the Helmholtz Association
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[2007]
m New topology display

m Shows distribution
of pattern over HW

topology

m Scales to larger
systems
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B0

File Wiew Help
Metrics Call Tee | Flat Prefile System Fee TBpology View
|Ab5a|ute h i Selection percent ¥ || [Peer percent v
=[] 0.00 Time =~ |l 1.3 solve_nmm sl sl
=[] 14780.22 Execution ——[] 0.2 module_tiles .. set_tiles2
0.00 MP —>— Il 1.2 rsl lite_init_exch

—b—{ ] 0.00 Synchronization
=[] 0.00 Communication
—] 3839.53 Collective
—{_] 15824.94 Point-to-point
— ] 0.00 MPI [JO

— ] 0.00 Init/Exit

— ] 0.00 overhead

— Ml 2240996053 Visits

{1 0 Synchronizations

[l 50227200 Communications
~+—{ll 1350691467560 Bytes transferrec
>l 50274153042403 CYCLES

~—{lll 21015191824572 DATA_ACCESS
=] 0DATA_LOAD

—lll 16894763877779 LOAD HIT L1
.

—{] 10148888948 LOAD _HIT_MEM
“—{lll 81586047344845 PM_INST_DISP

——{1 9.5 rsl_lite_pack
bl 2.4 rsl_lite_exch y

bl 2.7 rsl_lite_exch x
—& 13.5 module_igwave_adjust .. pf

—ll 0.6 module_igwave_adjust .. dd:
—] 0.2 module_igwave_adjust .. pdt
— 11.1 module_advection .. adve
—] 0.4 module_igwave_adjust .. vto
—l 0.7 module_nonhy_dynam .. var
—l 3.0 module_nonhy_dynam .. ha
—l 4.3 module_nonhy_dynam .. ep:
—ll 0.7 module_advection .. vad2
—>— 2.7 module_advection .. had2
—>—{ 4.0 module_physics_calls .. radi
——{] 0.3 rdtemp

(Il 2.9 module_physics_calls .. turb
——1 0.1 module_tiles .. set_tiles2
—=—[] 0.1 module_surface_driver ..
——{] 0.0 wrf_debug

>l 2.3 module_sf_myjsfc .. my
.-
&l 3.4 module_pbl_driver .. pbl ¢
—] 0.1 module_physics_calls .. uv t

A

(o, o)

¥«

1] [ 2]

1 |

]

4

A
| 2

|245,801,627.254 (1.4%) | 1.715e+13

[4,390,327,698 (1.8%) |

2.458e+11

| 2743955 +/- 92.1% |

1.087e+07

L |

IIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIW

1600 x 1

[2009]

m Application
topologies

JULICH | &
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SCALASCA EXAMPLE: CESM SEA ICE MODULE

Late Sender
Analysis +
Application
Topology

e Shows distribution
of imbalance
over topology

* MPI topologies
are automatically
captured

Member of the Helmholtz Association

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz

File Display Topology Help
Absolute

Metric tree

=+ [] 0.00 Time
&+ [ 1.83e5 Execution
= [l 0.34 MPI
3.21e4 Synchronization
=+ [ ] 0.00 Communication
=+ [ 1.18e5 Point-to-point
[ 1.74e5 Late Sender
0.02 Late Receiver
[ 1.06e5 Collective
[ ] 0.00 Init/Exit
[ ] 0.00 Overhead

v

2P =—=== == === ======s

Absolute v

Call tree | Flat view

[ ] 0.00 ice_comp_mct:ice_run_mct (0.00%

482 .96 ice_comp_mct:ice_import_n
[ 1.42e4 ice_step_mod:step_therm2
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SCALASCA TRACE ANALYSIS SWEEP3D@294,912 BGP [2010

¢ 10 min sweep3D runtime
e 11 sec analysis

¢4 min trace data write/read
(576 files)

e 7.6 TB buffered trace data
¢ 510 bhillion events

B. J. N. Wylie, M. Geimer, B. Mohr,
D. Bohme, Z.Szebenyi, F. Wolf:
Large-scale performance analysis
of Sweep3D with the Scalasca
toolset. Parallel Processing Letters,
20(4):397-414, 2010.
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SCALASCA TRACE ANALYSIS BT-MZ@1,048,704 BGQ [2013]

I: () Cube 3.4 QT epik_bt-mz_F_1p4096x64_tracefrace cube gz <@judge= o) () 2%
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CUBE VIZ PLUGINS: PHASE HEATMAP [2015]
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CUBE VIZ PLUGINS: PHASE BARPLOT [2015]
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CATWALK: MODELING RESULT VISUALIZATION [2015]
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SCALASCA: 1,835,008 THREADS TEST CASE

e Nekbone

e CORAL benchmark
e JuQueen experiment

©28,672 X 64 =

1,835,008 threads

e 0oad imbalance at

OpenMP critical
e section

Member of the Helmholtz Association
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SCALASCA: USER ANALYSIS OF NEST ON K COMPUTER

e Julich fel=i=he
neural network
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You KNOW YOU made it ...

... WHEN LARGE COMPANIES
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Introducing the Intel® Trace Analyzer and
Collector Performance Assistant

Motivation: Improve method of performance analysis via the GUI

Solution:
» Define common/known performance problems

» Automate detection via the Intel® Trace Analyzer

Example: A “Late Broadcast” is not easy to identify with existing
VIews

P1 broadcast |}—
(root) :
wait time l
—
P2 r broadcast
e wait time :
— Y
Pn broadcast I—
g time
»

Source (no longer exists):
https://software.intel.com/en-us/videos/quickly-discover-performance-issues-with-the-intel-trace-analyzer-and-collector-90-beta

Copynight © 2014, Intel Corporation. All nghts reserved. *Other names and brands may be claimed as the property of others.

[2014]



Which Performance Issues are 2014]
automatically identified?

Point-to-point exchange Problems with global collective
problems: operation performance:
» Late Sender = Wait at Barrier
p1—] === -
P1 [ send "
wait time P __—l;;._‘ﬁ
PZ—[ receive | . g |
hm; .:m121_| . reduc —
H = %‘
» Late Receiver » Early Reduce L
T

¥i

Late Receiver

wai time » | ate Broadcast

Pl —l send I— Late Broadast

P1 | broadeast
(rood) .
PZ receiv e wait Hme l
n H—
Source (no longer exists) : e
https://software.intel.com/en-us/videos/quickly-discover-performance-issues-with-the-intel-trace-analyzer-and-collector-90-beta
Copyright @ 2014, Intel Corporation. All ights reserved. *Other names and brands may be claimed as the property of others. Optimization Notice

Current info at https://www.intel.com/content/www/us/en/docs/trace-analyzer-collector/user-guide-reference/2021-10/performance-assistant.html
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ASSESSMENT

e Score-P / Scalasca installed on many HPC sites world-wide

e Used in daily work by performance analysts (e.g. POP CoE)

e User interface consistent for 24 years (but many enhancements)
e Support by vendors: Intel, AMD, (Siemens)

e Lots of work behind the scenes
e Scalascal (Epilog) = scalasca2 (Score-P)
e Constant bug fixing
e Constant scaling improvements
e Lately: MPI 3+4+5, OpenMP 3+4+5, OMPT, F2008 MPI interface, Pthreads, ...
e GPU support: OpenMP target, OpenACC, CUDA HIP/ROCm, Kokkos, ...

IJ JULICH

Forschungszentrum
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FUTURE WORK / OPPORTUNITIES (1)

e Memory and vectorization performance analysis
e Hard to capture performance data
e Only possible if suitable hardware counters are provided
e VERY processor specific = hard for open-source portable tools
= hard to attribute to data structures

e Trend towards task-based / asynchronous programming models
e Very dynamic execution might be non reproducible = off-line tools fail

e Timelines work on the node level, but hard to get the “big picture”
= good high-level metrics still missing here

e 3-pane Cube display shows its limitations here .

JULICH
SUPERCOMPUTING
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IJ JULICH
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FUTURE WORK / OPPORTUNITIES (II)

e Trend towards more modern programming languages (Python, C++)

e How to automatically instrument template-based frameworks
and programming styles?

e Measurement overhead for small methods
e How to present the data on Python level (and not on the interpreter low-level)?

e Performance assessment of data analytics codes
e Performance assessment of workflows

e Use of Al methods for performance analysis?!

JULICH
SUPERCOMPUTING
CENTRE

IJ JULICH

orschungszentrum

Member of the Helmholtz Association 21-Oct-2025 Page 67



QUESTIONS ?
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