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TELEFUNKEN TR440 @ FAU [1982]

My first computer: used in programming class in 15t semester computer science
wFastest computer developed in Europe at this time (end of the 1970ies)
wDual processor! E BUT, FAU had the only 3-processor version!

wAmazing huge 1.5 Mbyte main memory

wProgramming via punch cards fm L Ll
(Algol60, Fortran IV, etc) i

winfo
wEnglish: https://www.chessprogramming.org/TR_440
wGerman: https://de.wikipedia.org/wiki/TR 440
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CONTEXT

wDer SFB 182

WAMul t i psuonzde sNseatrz wer kkonf i g ulg

wFour 3-year phases (19871 1998)

wWork Package C1

wAMessung, Model |
Mul ti prozessoren

l erung und
und Rechn

wParallel system development @ FAU IMMD
wWEGPA (Erlangen General Purpose Array)
wDIRMU (Dlstributed Reconfigurable Multiprocesser kit)
wMEMSY (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
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ource related and
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mode ing, and visualization
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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
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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
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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

wGerman: SUPerREchner fur NUMerische Anwendungen
wEnglish: super-computer for numerical applications

wGerman research project to develop a parallel computer from 1985 through 1990
wMajor effort aimed at developing a national expertise in HPC both at HW and SW level
wDeveloped 256-node Suprenum-1
wFastest massively parallel MIMD computer in the world during a period in 1992
wStill, project was canceled and considered a commercial failure

whttps://en.wikipedia.org/wiki/SUPRENUM

JULICH
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ASSESSMENT [~1990 !!1]

wWhat worked
wHybrid instrumentation
wSophisticated and highly advanced hardware monitor (ZM4)
wkully flexible trace analysis framework (SIMPLE)

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

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

owWhat didnot
wZM4 too expensive for really large configurations
wSIMPLE unusable by non-expert (highly complex programming required)
ed tar

JULICH
SUPERCOMPUTING
CENTRE

oo FF I ssue: whatos wrong? | at
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THE POSTDOC YEARS

1993 TO 1995 / UNIVERSITY OF OREGON, EUGENE
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CONTEXT

WARPA fundepgC+prmoj ect 0

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

wDennis Gannon, Indiana University
wPostdocs: Pete Beckman, Francois Bodin

wpC++ compiler and runtime system, Sage++ toolkit

wlLanguages, Libraries and Performance Evaluation Tools for Scalable Parallel Systems
wA. Malony, J. Cuny, University of Oregon
wPostdoc: Bernd Mohr

wTAU program analysis tools

JULICH
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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
g
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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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