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1 Dr.Hook instrumentation tool

Dr.Hook is a simple, low-overhead instrumentation tooljalhallows you to keep track of
dynamic calling tree of a program and print it in the eventaoluire. It can also gather per-
formance profiling information on a per subroutine basisiciwltan be useful in estimating
computational costs.

The name Dr.Hook stems from Fujitsu VPP’s hook-function -empiler option which al-
lowed routines to be intercepted upon entry and exit by a deéned "hook"-function.
The Dr.Hook-environment, unlike Fujitsu’s system, is ntearbe portable across all Unix-
systems, controlled by environment variables without rteeecompile or relink.

In the recent years it has become more difficult to get rediatziceback upon failure. One
reason is our complex environment and use of multiple MBksaand OpenMP-threads.
Error messages from such processes are often lost or caniteengjsleading. As result
much extra time has to be put into debugging. We wanted tacesthis laborous debugging
and instead (or in addition to) offer a more direct way of piag errors.

Since the CY28 of IFS was a cleaning cycle, it was decided sertnrautomatically calls
to DR_HOOK( ) -function while entering and leaving any IFS/ARPEGE radasebroutine,
a few thousand in total. This way the Dr.Hook-environmenilddkeep track of dynamic
calling tree and upon failure produce informative Dr.Hdckeeback.

As result of these calls we can hopefully fix programming esrmauch quicker than before
without need to add extra print statements or wonder forra¢days what may have gone
wrong.

A nice "by-product" of Dr.Hook-instrumentation is that wancalso collect profiling infor-
mation on resources we spend in each instrumented routin&t i3 to say, we can collect
routine call-counts, wall & CPU-times, chase for memorykseaheck paging activities and
so on. Furthermore we can produce a user-friendly repohteaénd of execution per each
MPI-task spread across every computional OpenMP-thréadcessary.

A recent addition (CY28R1) to Dr.Hook system is possibitibyobtain MFlop/s-rates per
OpenMP-thread and MPI-task on the IBM Power4 machine. Tigatty helps us to under-
stand computational costs in IFS/ARPEGE and may even aichipesarking.

Dr.Hook is currently callable from both Fortran90 and Ctioes.

| nstrumentation

Every instrumented routine (here: just a generic SUBR) hagdllowing coding norm:

e at the top of the routine: enable acces¥@vHOOK-module

USE YOVHOOK, ONLY : LHOOK, DR _HOOK



¢ at the beginning of the routine (before the first executataltement)

REAL( KI ND=JPRB) :: ZHOOK_HANDLE
| E (LHOOK) CALL DR_HOOK(’ SUBR , 0, ZHOOK_HANDLE)

e just beforeEND- or beforeany RETURN- or CONTAI NS-statements yomustcall

| E (LHOOK) CALL DR HOOK(’ SUBR , 1, ZHOOK_HANDLE)

The first call toDR_HOOK( ) adjusts the current dynamic calling tree by adding a new mem-
ber to it. The last call tdR_HOOK() removes routiné SUBR from this instantaneous
calling tree.

If in addition performance profiling is on, then the Dr.Hogkstem collects exact (as op-
posed to sampled) performance profile on behalf of routiBEBR and its descendants
while in this routine.

If the SUBR is a Fortran90 module procedure, then the name will conteenMODULE-
name followed by a colon before the routine name (for exampB&EL_SUBS: DEFI NE_-
GFL_COwP ).

It is important to note that the variablHHOOK HANDLE must be a local (stack) variable —
i.e. not aSAVEd variable. Its size has to be 8-bytes and the subroutine®typ requires
it to be aREAL( 8) floating point number. Upon return from the fil3R HOOK( ) -call it
contains the address information to the Dr.Hook interngh gdructure, where accounting
information for this particular routine (and of this OpenNiiead) is kept. The last call to
DR_HOOK( ) in the routine will use the value of variabf#HHOOK HANDLE as an address to
locate and update the routine’s accounting records.

If ZHOOK HANDL E gets overwritten between these two callPR® HOOK( ) , then the sec-
ond call will pick this it up immediately and raise an aborthig'is an indication of ei-
ther a genuine (stack variable) overwrite, or more oftert #oane descendant routine has
RETURNed before calling second time iBR_HOOK( ) . The latter case is easy to fix: just
search for alternative exits aRET URN-statements from the descendant routines and check
whether any path to the second callR HOOK( ) exists at all.

The logical variabld.HOOK is by default set to TRUE. in moduleYOVHOCOK. When the
very first call toDR_HOOK(') takes place in a program, then all Dr.Hook-environment-vari
ables are examined. If it turns out that Dr.Hook-facilitysa@ot turned on, then the logical
variableLHOOK is set to. FALSE. and any further dynamic calling tree processing will be
disabled.

In the future there will be available a checker-program teuea thaDR_HOOK( ) calls are
entered correctly.
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Environment variables

Environment variables are used to activate and drive DikHeatures. By default — if no
variables are set — Dr.Hook facility is turned off. All vakiéexcept filenames) are case

insensitive in the following table.

Table 1: Dr.Hook environment variables

Variable

Description

Values & remarks

DR_HOOK

Enable/disable Dr.Hook

t r ue or 1 activates Dr.Hook
f al se or 0 is the default

DR_HOOK_OPT

A comma-separated list of:
cal | s orcount

cputi me orcpu

wal | tineorwal |
timesortinme

heap or hwm

st ack orst k
rss

pagi ng or pag
Menory ormem

al |
pr of orwal | pr of

cpupr of

hpnpr of orhpmornfl ops

trim

sel f

nosel f

Traceback contains call counts
Traceback contains CPU-times
Traceback contains wall clock
times

Union of cputinme and
wal [ tinme

Heap memory high water mark
per routine

Stack size monitoring per routine
Resident set size monitoring
Paging activity monitoring per
routine

Union ofheap, st ack,rss &
pagi ng

Union ofmenor y andt i nmes
Activates wall clock time based

profiling
Implies also calls and
wal | time

Deactivatespupr of
Activates CPU-time based profi

ing
Implies also calls and
cputinme

Deactivatesval | pr of
Activates MFlop/s profiling
Implieswal | pr of

Allow case insensitive input of
routine name

Very expensive! Don't use this!
Include Dr.Hook in the profilg
output, too

Exclude Dr.Hook altogether
from the profile

By default Dr.Hook overheats
always

continued on next page . ..



Table 1: Dr.Hook environment variables. continued

Variable

Description

Values & remarks

nosi ze ornosi zei nfo
nopr op ornopr opagat e

cluster orclusterid

accounted for, but not printed i
the profile output

Do not display size-information
Do not propagate signals outside
Dr.Hook

Display cluster-id information

=]

DR_HOOK_HPMSTOP

StopsHPMcounting for the given
routine

afterncallsif mflopsrate has not
been achieved

Set this to value

ncallsor
ncalls,mflops

Currently the option©R_HOOK OPT="st ack, pagi ng, nfl ops" are only available
for IBM Power4 machines, but ports to Cray X1 (for example) anderway. As of writing
this document, Cray X1 hardware performance monitor foaiolotg MFlop/s-rates has just

been implemented.

In addition the following environment variables are alsaikable to Dr.Hook:

Table 2: More Dr.Hook environment variables

Variable

Description

Values & remarks

DR_HOOK_PROFILE

DR_HOOK_PROFILE_PROC

DR_HOOK_PROFILE_LIMIT

Filename(s) for the profile

MPL-task that produces profile

Routines that consume at leg
this many percentages of (sel
)time resources will appear in th
profile

S

e

£

One profile-file per MPI-task
Use full path with . %d for

MPL-task: /path/file. %l,

%l = 1.$NPES The default:
dr hook. pr of . %d If the suffix

(- %) is missing, it will be added
automatically

The default = -1 i.e. all MPL-
tasks

The default =-10.0 (!)

DR_HOOK_CATCH_SIG-
NALS

DR_HOOK_IGNORE_SIG-
NALS

A comma separated list afddi-
tional signals to be caught

A comma separated list of signal
notto be caught

The default = 0 i.e. no effect.
Value = -1 activates all possible
signals

sThe default = 0 i.e. no effect.

Value = -1 deactivates all possi
ble signals

continued on next page . ..
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Table 2: More Dr.Hook environment variables. continued

Values & remarks
The default = 15 i.e. allocates
a hash data structure of2ele-
ments. Between.124. Increase
only if you have thousands df
routines to monitor

Variable
DR_HOOK_ HASHBITS

Description
No. bits for hashing algorithm

Caught signals

The following table shows what Unix-signals are caught byHDok-system. Please note
that signalSlI GXPU (i.e. CPU-time exceeded) does not produce any profilingudugince it
would cause Dr.Hook to cat@®i GXPU infinitely, since there is no CPU-time left! Otherwise
the profile is written even if a signal has been caught, sinedglieve it still can contain
valuable information.

Signal name | Description Remarks

SIGABRT Abort execution

SIGBUS Bus error

SIGSEGV Segmentation violation

SIGILL lllegal instruction

SIGEMT EMT instruction N/A on Linux

SIGSTKFLT | Stack fault Linux only; from 28R2 onwards
SIGFPE Floating-point exception

SIGTRAP Trace trap Should be switched off when debugging
SIGINT Interrupt

SIGQUIT Quit

SIGTERM | Termination

SIGIO I/0 now possible

SIGXCPU CPU limit exceeded Ignoresat exi t () i.e. no profiling
SIGSYS Bad system call

For actual signal numbers, please refer to yoam si gnal -command or have look at your
Unix-system’sincludefilé usr /i ncl ude/ si gnal . h (oftenin/ usr /i ncl ude/ sys/ si gnal . h).
These are needed if you want to use environment varidRe$iO0K CATCH_SI GNALS

or DR_HOOK | GNORE _SI GNAL Sto activate/deactivate some signals.

Very often catching &l GSEGVY means serious memory overwrite SAGBUS that some
subroutine argument is missing or stack is corrupt&l,@ LL means that illegal instruction
is executed, & GFPUmeans a floating point arithmetic on uninitialized or indalumbers,
a Sl G NT means that control-C is pressed (for interactive jobs),samnan.



Over head

When the dynamic calling tree is activated (but nothing)aise overhead dbR_HOCK( ) -
calls seem to be around 1% in the current IFS/ARPEGE contigmsaon ECMWF'’s IBM
Power4. This seems to be a low price to pay for enabling cbtr@cebacks, and thus reduc-
ing need for extensive debugging and head-lice scratching!

When the wall clock time profiling is on, overheads seem to foeired 2%. And if the
MFlop/s-rate counters are activated, the overhead isb&tdrable 10-15%. And all these
extra profiling options can be turned on via environmentalads, without need to recompile
or relink anything. Please note that tHEM-overhead can now be effectively minimized by
setting environment valuBR_HOOK_HPMSTOP to (say)20, 500000. This means: stop
callingHPMcounters for any given routine after 20 calls unless ragtiperformance exceeds
500000 Mflop/s (500GigaFlop/s!).

Some auxiliary routines

You can activate Dr.Hook’s signal catching feature to besdbl produce at least system
specific traceback more reliably by calling routid@eDRHOOK | NI T_SI GNALS() :

CALL C _DRHOOK I NI T_SI GNALS( 1)

This instructs Dr.Hook’s signal handling functions to betloa top of the list of the functions
to be called in the event of failure. And if Dr.Hook-facilityas turned off you will not get

its dynamic calling tree, but a system specific traceback;hivmay or may not be accurate.
See for examplef s/ set up/ sunpi ni . F90.

When Dr.Hook has been activated, you can print an instaatenealling tree at any moment
to a Fortran I/O-unit by calling routin€_DRHOOK_PRI NT( ) :

| NTEGER( 4) o TOUNIT, I TID, 10OPT, |NDENT
| NTEGER(4) , EXTERNAL :: get thread_ id
IOQUNIT =0 I Fortran I/Owunit , say stderr
I TID = get _thread_id( ) ! 1 .. # of OpenMP-threads
| OPT =2 I Print current calling tree
INDENT =0 I Indentation; nodified during the call
CALL C DRHOOK_PRINT(IOQUNIT, ITID, |OPT, |NDENT)
I The variabl e | NDENT now equals to no. of routines seen in the traceback

C-interface

Also C-routines can be instrumented under Dr.Hook-sysfEme. interface (in CY28R2) to
C is as follows:
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#i ncl ude "drhook.h" /* from"ifsaux/include/drhook. h" */

voi d subnane()

{

/* Vari abl e decl arations =/

{ I+ Begin block (optional) */
/+* The following ia like the first call to DR HOOK() in Fortran90 =*/

DRHOOK _START( subnan®) ;

/+ or as a constant (conpile-tine evaluable) character string:
DRHOOK_START_BY_STRI NG " subnane") ;
* |

[+ The first actual executable statenment =/
/* The body of the routine "subnane" goes here x/

[+ The last thing ;
the zero (0) bel ow can be replaced with sone size-infornmation,
i ke the nunber of bytes processed or so */

DRHOOK_END( 0) ;
} /+ End block (optional, if the Begin block also onitted) */
return;

}

You can see examples in fileslb/ | i b/ codb. ¢ andodb/ i ncl ude/ codb. h. Note
that symbolORHOOK _START, DRHOOK _START_BY_STRI NGandDRHOOK _ENDare all
simple and cheap C-macros, which take care of declaring ahealR90ZHOOK HANDL E-
equivalent inside the macros.

Source code and libraries

In CY28R2, Dr.Hook resides in IFSAUX, filesf saux/ support/ dr hook. ¢ and in-

clude file

i fsaux/i ncl ude/ dr hook. hand is therefore naturally builtinto libraky bi f saux. a.

The Fortran90-part resides in filesaux/ nodul e/ yomhook. F90 andi f saux/ support/dr _-
hook _*. F90.

Timers and memory routines needed are found mostly underfteaux/ utilities/-
directory. Some other resource related routines are atithd (for historical reasons) under
odb/ aux/ util _ccode. c,butcanalsobefoundinfilef saux/utilities/util -
tinmers. cinCY28R2.
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Dummies forHPM(High Performance Monitoring) for IBM are found undstb/ | i b/ Dumm es. c,
in case you hit problems with unsatisfied externals.

On an IBM Power4 machine in order to activate tii@Mfeature, you need to compile the
file

i f saux/ support/drhook. c with option- DHPMand link executable either with dum-
mies

(- I odbdumy i.e. no runtimeHPM) or with HPMlibraries (at ECMWF calle$L1 BHPM)
-L/usr/pmapi/lib -I| pmapi.

Enhancements

After CY28R2 we will investigate ways to incorporate profdiof data movement. That is
to say, we want to get clearer picture on amounts of dataferaesl across MPI-processes
and to be able to trace 1/0O-bottlenecks. This has been ppad@ne via GSTATS-subroutine

(in IFSAUX).

Furthermore we want to be able to show the filename of thenmeuieing called. This is
important especially for C-routines, where there maybesdvoutines sitting the same file
making searching process more difficult.

The Fortran90-interface tbR_HOCOK( ) contains two more arguments: size information
(anl NTEGER( 4) ) and the (source) filename parameters. In fact, the C-aderin cycle
CY28R1 already contains this functionality and some ODBGtines already benefit from
these two extra arguments. As an example, you could passuthbar of bytes retrieved
from a database, or decide that you want to see how many rodatafsatisfy a particular
SQL-query condition. In both cases you could also opt fore®tilename of the routine in
concern.

The basic Dr.Hook without fancy MFlop/s-monitors, but withceback feature, will run at
least on the following machines in CY28R2: IBM Power4 & Po8dPentium/Linux and

Silicon Graphics. We still have to check how Fujitsu VPP5066sion will behave. Port to
Cray X1 is nearly completed and it is now already possibleailg compare this machine’s
performance with IBM Power4 rather realistically.

Known bugs or features

Dr.Hook-system cannot handle recursive function callsemtly i.e. profiling information
for such routines (and calling tree before the routine) alincorrect. This will be fixed in
the future. Meantime, remove Dr.Hook from potentially nesive routines.

When a failure occurs on a non-master OpenMP-thread¥i.&), the dynamic calling tree
incorrecty prints the full current calling tree of the mastaead before proceeding to print
thread’s own tree. Although this doesn’t matter too muchy, yal still see slightly mislead-
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ing traceback and duplicate output of some routines thag aetive in both master and slave
thread during failure.

The signal SIGIOT was mistakenly typed as SIGIO. The SIGIOfmally equals to SIGA-
BRT. If you belive that this incorrect coding causes proldemnd you want to remove SIGIO
(normally #29) from the list of Dr.Hook-catchable signalsu can ignore this signal via en-
vironment variable as follows (Korn-shell):

$ export DR _HOOK_ | GNORE_SI GNALS=29

This bug has now been fixed in CY28R2.
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Examples of Dr.Hook output from IFS:

Dr. Hook Traceback

0: 15:57:20 3TEP 926 H= 222:00 +CPU= a1._273

12: [ngprocfld, vidfd, pidf55924]: Peceived =ignalffzd (SIGECPY) ; Memozry: Z019178KE (heap), 0K [(=tack)
12: [ngprocfld, cidffl, pidff55924]1: MASTER . f1,=t=1,wall=0.000=/0_000=

12: [nyprocfld. cidfl,. pidfs5984]: CHTO #1l.=6=1,wall=0_000=/0_000=

12: [nyprocfld. cidfl,. pidfs5984]: CHT1 #l.=t=1l,wall=0_000=/0_000=

12: [nyprocfld. cidfl,. pidfs5984]: CHTE #l.=t=l,wall=0_000=/0_000=

12: [myprocfld, cidfl . pidf55924]: CHT2 f1.,=t=1,wall=0_000=/0_000=

12: [myprocfld, cidfl . pidf55924]: CHT4 f1,=t=1,wall=0_000=/0_000=

12: [myprocfld, cidfl . pidf55924]: 3TEFO #9756, s6=1,wall=10521_&59=/0_000=

12: [myprocfld, cidfl pidff55924]: SCANEH ,Fl0ls, =v=1l wall=§312.967=/0.043=

12: [ngprocfld, cidfl, pidf559E24): SCANEMDM (1015, =v=1,wall=5912 &96=/2E_02E=

12: [ngprocfld, cidfl, pidf559E24): GF_MODEL #9235 st=1,wall=5545.641l=/a.530=

12: [nyprockld, cidfl,. pidfs5924]1: EC_PHYEF H2l3593,s0=l,wall=6144.597=/22. 376

12: [nyprocfld. cidfl,. pidfs5984]: CALLPAR . #212892, =6=1,wall=§856.7858=/68._120=

12: [nyprocfld. cidfl,. pidfs5984]: SLTEND . $212592,=c=1,wall=f6&._ 290=/179_559=

12: [ngprocfld, cidfl pidff55924]: CUTaDJTH FLIV186599, =6=1,wal 1 =1992 _264=/ 1477 2&2=
12: [myprocfld, cidffd . pidf55924]: EC_PHYS #213256,=6=1,mall=6145 442=/27 4l18=

12: [myprocfld, cidffd . pidf55924]: CALLEAR #E13356,=t=1,wall=5560_276=/68_ 000=
12: [myprocfld, cidffd . pidf55924]: CITCALLN #213510,s6=1,wal 1 =721 _710=/&7 . 9&2=
12: [ngprocfld, cidfd, pidf 55924 : CUMASTEN 212510, =c=1,wall=ZE79_435=/26_67&=
12: [ngprocfld, cidfd, pidf 55924 : CUDDRAIH 212510, =c=1 wall=66._545=/E2. 4=
12:

1z Signal receiwed: SIGKCPU - CPU time limit excesded

13:

1z Traceback:

12: Location 0x0000277c

12: Offset 0x000000%c in procedure ewvent_sleep

12: Off=et 0x00000215 in procedure =igwait

1z: Offrer 0x00000E6c3 in procedurs pm_as=symc_rhread

1z: Offrer 0x00000023 in procedurs prhreaad body

=== End of call chain ---
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Dr. Hook for TH11 forecast

[ o e T Ry
PR TR P T T Y

# % Time Crarnal Self Total # of calls MIFE MFlop= Diw—#% Boutine@tid>
[=elf) [==c] [=ec] [Fac) [Cluster: [id,=ize]]

1 1z.158 147001 147.001 197.794 11275292 114 271 3.2 *FCUADJTQRL [22,42]

z lz.11 147.001 146.393 196855 11256915 118 272 .2 CUADJITQEZ [2E2,2]

2 lz.02 147.001 146 . 237 137.0&7 1lz&s072 113 273 3.2 CUADJTOES [2E, 3]

3 1lz.08 147001 146062 196742 11275631 7 272 3.2 CUADJTQRE [2Z2,42]

5 5,56 214.235 67.296 S0.TE8 104 i 31 0.0 TRANZING MDLE1 [516,1]

& 5_5& Z&L.552 E7_254 E2_E0Z a7 321 277 .3 WECOUPLERL [557,1]

T 546 247 612 66 _06E 72709 ] G5l 19 0.1 TRANSDIE_MOLEL [514,1]

g .71 2Pz _507 33 5943 131872 35254 239 21 2.4 *CUASCHEL [22.4]

2 269 29z _507 13 _EEE 152251 45414 FE0 21 2.4 CUASCHEE [22.4]
2.69 2FE_507 33 5432 152.440 353243 A58 21 2.4 CUASCHNE: [22.4]
2.68 2Pz _507 334972 131.6958 25455 q6E 21 2.4 CUASCHESE [232,4]
2.1z 420218 27711 §9.444 ZE7E9 1065 247 3.z *CLOUDSCEE [5.4]
211 220.218 27605 69262 Zz707 1068 248 3z CLOUDSCRE [5.4]
.11 220,218 27.87E §9.120 ZZETE 1065 247 2.z CLOUDSCRE? [5.4]
2.09 420218 27,217 E9_5E5 ZZERE 1071 248 3.z CLOUDSCEL [5.4]
Z_50 260512 20_295 663222 Zz7e9 1zz0 151 5.7 *CUBASENES [24, 2]
2.449 260,512 20,1439 BE.E252 Zz707 lzzd 15z c.7 CUEASENRE [24, 2]

1& .48 460512 20024 E6_112 ZZERE 1z20 152 E.7 CUEASENEL [24,4]

19 .48 260512 29._959 66172 ZEZETE 1z22 1sz 5.7 CUBASENEZ [24, 2]

z0 .17 256720 26.217 27.878 2IEE59G G322 a5 1z2.2 *CUENTREZ [42, 4]

1 z.17 456720 ZE.Z07 27691 ZEEIE0E SZ8 a5 1.2 CUENTERE: [4Z2.4]

zz z_16 256720 26.14%9 27.597 25911086 G232 a5 1z.2 CUENTERZ [42Z2.4]

] £.15 E6 720 ZE6.006 2T.4E8 ZIGEEEE G232 a5 1z2.2 CUENTERAEL [42, 3]

3 z.07 511.731 Z5_0E0 26427 ZEEIE0E e z3 Z.E *CUEASMCHE? [25,4]

4] Z.08 S11.731 22,909 264285 ZIEESRE e 25 2.8 CUEBASMCHEZ [25,%]

ZE Z.05 F11.731 22,727 26.193 2391108 -2 z3 2.8 CUEBASMCHES [25,2]

7 z.03 511.731 24704 2612 ZEEEEEE "M 27 2.0 CUEASMCHEL [25,4]
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