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ABSTRACT

Dr.Hook is a simple, low-overhead instrumentation tooljckhallows you to keep track of dynamic calling tree of a
program and print it in the event of failure. It can also gagerformance profiling information on a per subroutine asi
which can be useful in estimating computational costs.

1 Introduction

The name Dr.Hook stems from Fujitsu VPP’s hook-function -empiler option which allowed routines to be

intercepted upon entry and exit by a user defined "hook”{ionc The Dr.Hook-environment, unlike Fujitsu’s

system, is meant to be portable across all Unix-systemdraited by environment variables without need to
recompile or relink.

In the recent years it has become more difficult to get radisiceback upon failure. One reason is our complex
environment and use of multiple MPI-tasks and OpenMP-tlgedrror messages from such processes are
often lost or can be quite misleading. As result much extreethas to be put into debugging. We wanted to
reduce this laborous debugging and instead (or in additipofter a more direct way of trapping errors.

Since the CY28 of IFS was a cleaning cycle, it was decided gertnrautomatically calls tBR_HOOK( ) -
function while entering and leaving any IFS/ARPEGE relatedroutine, a few thousand in total. This way the
Dr.Hook-environment could keep track of dynamic callirggtand upon failure produce informative Dr.Hook-
traceback.

As result of these calls we can hopefully fix programming errouch quicker than before without need to add
extra print statements or wonder for several days what meg gane wrong.

A nice "by-product” of Dr.Hook-instrumentation is that warcalso collect profiling information on resources
we spend in each instrumented routine. That is to say, we @éttroutine call-counts, wall & CPU-times,
chase for memory peaks, check paging activities and so athdfmore we can produce a user-friendly report
at the end of execution per each MPI-task spread across evargutional OpenMP-thread, if necessary.

A recent addition (CY28R1) to Dr.Hook system is possibilityobtain MFlop/s-rates per OpenMP-thread
and MPI-task on the IBM Power4 machine. This greatly helpdousnderstand computational costs in
IFS/ARPEGE and may even aid benchmarking.

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

Every instrumented routine (here: just a generic SUBNAM&S tihe following coding norm:

e at the top of the routine: enable acces¥@vHOOK-module
USE YOVHOOK, ONLY : LHOOK, DR_HOOK
e at the beginning of the routine (before the first executatatement)

REAL(KI ND=JPRB) :: ZHOOK_HANDLE
| F (LHOOK) CALL DR _HOOK(' SUBNANE' , 0, ZHOOK_HANDLE)

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

| F (LHOOK) CALL DR _HOOK(' SUBNAME , 1, ZHOOK_HANDLE)

The first call toDR_HOOK( ) adjusts the current dynamic calling tree by adding a new neetabit. The last
call toDR_HOOK() removes routiné SUBNAME' from this instantaneous calling tree.

If in addition performance profiling is on, then the Dr.Hos}stem collects exact (as opposed to sampled)
performance profile on behalf of routine(SUBNANME' and its descendants while in this routine.

If SUBNAME is a Fortran90 module procedure, then the nameéawsintain the MODULE-name followed by
a colon before the routine name (for exampl&-L _SUBS: DEFI NE_GFL_COWP’ ).

It is important to note that the variabEEHOOK _HANDLE must be a local (stack) variable — i.e. noSAVEd
variable. Its size has to be 8-bytes and the subroutine fypEaequires it to be EAL( 8) floating point
number. Upon return from the fir@R_HOOK( ) -call it contains the address information to the Dr.Hook
internal data structure, where accounting informatiortlige particular routine (and of this OpenMP-thread) is
kept. The last call tDR_HOOK( ) in the routine will use the value of variabBHOOK_HANDLE as an address
to locate and update routine’s accounting records.

If ZHOOK HANDLE gets overwritten between these two callDiR HOOK( ) , then the second call will pick
this it up immediately and raise an abort. This is an indiwatf either a genuine (stack variable) overwrite,
or more often that some descendant routineREEEURNed before calling second time iBR_HOOK() . The
latter case is easy to fix: just search for alternative exitBRETURN-statements from the descendant routines
and check whether any path to the second calRfHOOK( ) exists at all.

The logical variabldHOOK is by default set ta TRUE. in module YOVHOOK. When the very first call to
DR _HOOK() takes place in a program, then all Dr.Hook-environmentaldes are examined. If it turns out
that Dr.Hook-facility was not turned on, then the logicatishle LHOOK is set to. FALSE. and any further
dynamic calling tree processing will be disabled.

In the future there will be available a checker-program tsuea thaDR_HOOK( ) calls are entered correctly.
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3 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 values (except filenamewe case insensitive in the following table.

Variable Description Values & remarks
DR_HOOK Enable/disable Dr.Hook t r ue or 1 activates Dr.Hook

f al se or O is the default
DR_.HOOK OPT A comma-separated list of:

cal | s orcount
cputi nmeorcpu
wal | timeorwal |
timesortine
heap or hwm
stack orstk
rss

pagi ng or pag
menory ormem
al |

pr of orwal | pr of

cpupr of

hprpr of orhpmornf | ops
trim

sel f
nosel f

Traceback will contain call counts
Traceback contains CPU-times
Traceback contains wall clock times
Union ofcput i ne andwal | ti ne
Heap memory high water mark per routing
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 nes

Activates wall clock time based profiling
Implies alsocal | s andwal | ti ne
Deactivatespupr of

Activates CPU-time based profiling
Implies alsocal | s andcput i ne
Deactivatesval | pr of

Activates MFlop/s profiling

Implieswal | pr of

Allow case insensitive input of routine nan
Very expensive! Don't use this!

Include Dr.Hook in the profile output, too
Exclude Dr.Hook altogether from the profi
By default Dr.Hookis alwaysaccounted for,
but not printed in the profile output

DR_HOOK_PROFILE

DR_HOOK_PROFILEPROC
DR_.HOOK_PROFILELIMIT

Filename(s) for the profile

MPL-task that produces profile
Routines that consume at least
this many percentages of (self-)tin

resources will appear in the profilg

One profile-file per MPI-task
Use full path with. %@ for MPL-task:
/path/file. %, %d = 1.$NPES
The default:dr hook. pr of . %@
If the suffix ( @) is missing, it
will be added automatically
The default =-1 i.e. all MPL-tasks
The default =-10.0 (1)
e

e

Currently any of the option®DR_HOOK _OPT="st ack, pagi ng, nf |l ops" are only available for IBM
Power4 machines, but ports to Cray SV2 (for example) arenwale
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In addition the following environment variables are aval#ato Dr.Hook, too:

Variable

Description

Values & remarks

DR_.HOOK_CATCH_SIGNALS

DR_HOOK_IGNORE.SIGNALS

A comma separated list of
additional signals to be caugh
A comma separated list of
signalsnotto be caught

t Value = -1 activates all possible signals

The default = 0 i.e. no effect

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

DR_.HOOK_HASHBITS

No. bits for hashing algorithn

The default = 15 i.e. allocates a hash
data structure of 2 elements.
Between 124. Increase only if you
have thousands of routines to monitor

4 Caught signals

The following table shows what Unix-signals are caught by-Hbok-system. Please note that sigBalGXPU

(i.,e. CPU-time exceeded) does not produce any profiling ututgince it would cause Dr.Hook to catch
SI GXPUinfinitely, since there is no CPU-time left! Otherwise prefis written even if signal has been caught,
since we believe it can still contain invaluable informatio

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 exceptior

SIGTRAP Trace trap Should be switched off when debugging
SIGINT Interrupt

SIGQUIT Quit

SIGTERM | Termination

SIGIO I/0 now possible Typo; must be SIGIOT (fixed in CY28R2)
SIGXCPU | CPU limit exceeded Ignoresat exi t () i.e. no profiling
SIGSYS Bad system call

For actual signal numbers, please refer to yoan si gnal -command or have look at your Unix-system’s
include file/ usr /i ncl ude/ si gnal . h(oftenin/ usr/incl ude/ sys/ si gnal . h). These are needed
if you want to use environment variabl@R HOOK CATCH_SI GNALS or DR_HOOK | GNORE_SI GNALS

to activate/deactivate some signals.

Very often catching &l GSEGV means serious memory overwriteSBGBUS that some subroutine argument
is missing or stack is corruptedSh G LL that illegal instruction is executed — say — corrupted ot fomction
call is attempted, &I GFPU floating point arithmetic with uninitialized or invalid nurars, aSI G NT that
control-C is pressed (for interactive jobs), and so on.
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5 Overhead

When dynamic calling tree is activated (but nothing else@rbgad ofDR_HOOK( ) -calls seem to be around
1% in the current IFS/ARPEGE configurations on ECMWF's IBMMeo4. This seems to be a low price to
pay for enabling correct tracebacks, and thus reducing fagexktensive debugging and head scratching.

When the wall clock time profiling is on, overheads seem torberad 5%. And if the MFlop/s-rate counters
are activated, the overhead is still bearable 10-15%. Anti@se extra profiling options can be turned on via
environment variables, without need to recompile or reéinigthing.

6 Someauxiliary routines

You can activate Dr.Hook’s signal catching feature to be dblproduce at least system specific traceback
more reliably by calling routin€ DRHOOK | NI T_SI GNALS() :

CALL C_DRHOOK_I NI T_SI GNALS( 1)

This instructs Dr.Hook’s signal handling functions to betloatop of the list of the functions to be called in the
event of failure. And if Dr.Hook-facility was turned off yowill not get its dynamic calling tree, but system
specific traceback, which may or may not be accurate. Seeéongei f s/ set up/ sunpi ni . F90.

When Dr.Hook has been activated, you can print instantanealling tree at any moment to a Fortran 1/O-unit
by calling routineC_DRHOOK_PRI NT( ) :

| NTEGER( 4) :: TOUNIT, ITID, I|OPT, |NDENT
| NTEGER(4) , EXTERNAL :: GET_THREAD | D

IOQUNIT =0 I Fortran I/ G unit , say stderr

| TID = GET_THREAD ID( ) ! 1 .. # of OpenMP-threads

| OPT =2 I Print current calling tree

| NDENT =0 I Indentation; nodified during the call

CALL C _DRHOOK_PRINT(1OUNIT, I TID, |OPT, |NDENT)

I The vari abl e | NDENT now equals to no. of routines seen in the traceback
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7 C-interface

Also C-routines can be instrumented under Dr.Hook-sysiEme. interface (in CY28R1) to C is as follows:
#i ncl ude "drhook. h" /* from "ifsaux/include/drhook.h" */

voi d subnane()

{

/* Variabl e decl arations */
DRHOOK_START(subnane); /* as the first call to DR HOOK() in Fortran90 */

/* or as a constant (conpile-tinme eval uable) character string:
DRHOOK_START_BY_STRI N " subnane");
*/

/* The first actual executable statenent */
/* The body of the routine "subnanme" goes here */

/* The last thing ;
the zero (0) below can be replaced with sone size-information,
i ke the nunber of bytes processed or so */

DRHOOK_END( 0) ;
return;

}

You can see first examples adb/ | i b/ codb. ¢ andodb/ i ncl ude/ codb. h. Please note that symbols
DRHOOK _START, DRHOOK _START_BY_STRI NGand DRHOOK _END are all simple and cheap C-macros,
which take care of declaring the FortranBBOOK _HANDL E-equivalent inside the macros.

8 Sourcecodeand libraries

In CY28R1, Dr.Hook resides in IFSAUX, filasf saux/ suppor t/ dr hook. ¢ and include file
i f saux/i ncl ude/ dr hook. hand is therefore naturally built into librahyi bi f saux. a. The Fortran90-
part resides in files f saux/ nodul e/ yomhook. FO90 andi f saux/ support/dr _hook_*. F90.

Timers and memory routines needed are found mostly untleaux/ uti | i ti es/ -directory. Some other
resource related routines are still found (for histori@dsons) undesdb/ aux/ uti | _ccode. c, but can
be found from filei f saux/ utilities/util _tinmers.cinCY28R2.

Dummies forHPM(High Performance Monitoring) for IBM are found undmalb/ | i b/ Dunmi es. c,in case
you hit problems with unsatisfied externals.

On IBM Power4 machine in order to activate tHEMfeature, you need to compile the file

i f saux/ support/drhook. c with option- DHPMand link executable either with dummies
(- I odbdunmy i.e. no runtimeHPM) or with HPMlibraries (at ECMWF thé&L1 BHPMequals to
-L/usr/pmapi/lib -1 pmapi).
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9 Future enhancements

After CY28R1 we will investigate ways to incorporate prafgiof data movement. That is to say, we want to
get clearer picture on amounts of data transferred acro$gkdeesses and to be able to trace 1/0O-bottlenecks.

Furthermore we want to be able to show the filename of thermeuieing called. This is important for es-
pecially C-routines, where there maybe several routindagithe same file making searching process more
difficult.

The Fortran90-interface IR _HOOK(') will in the future contain two more (optional) argumentszesinfor-
mation (anl NTEGER( 4) ) and the (source) filename parameters. In fact, the C-aterin cycle CY28R1
already contains this functionality and some ODB C-rowgtinkeady benefit from these two extra arguments.
As an example, you could pass the number of bytes retriewsd & database, or decide that you want to see
how many rows of data satisfy a particular SQL-query coaditiln both cases you could also opt for source
filename of the routine in concern.

The basic Dr.Hook without fancy MFlop/s-monitors, but withceback feature, will run at least on the fol-
lowing machines in CY28R2: IBM Power4 & Power3, Pentiumiirand Silicon Graphics. We still have to
check how Fujitsu VPP5000 version will behave. Also port tayCSV2 is underway; for example traceback
can already be produced correctly.

10 Known bugsor features

Dr.Hook-system cannot handle recursive function callsemly i.e. profiling information for such routines
(and calling tree before the routine) will be incorrect. Sill be fixed in the future. Meantime, remove
Dr.Hook from potentially recursive 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 master-thread beforecpeding to print thread’s own tree. Although this
doesn’t matter too much, you will still see slightly misl@agitraceback and duplicate output of some routines
that were active in both master and slave thread duringréaillihis will fixed in the future, too.

The signal SIGIOT has mistakenly typed as SIGIO. The SIGIOAmally equals to SIGABRT. If you belive
that this incorrect coding causes problems and you wantntmve SIGIO (normally #29) from the list of
Dr.Hook-catchable signals, you can ignore this signal widrenment variable as follows (Korn-shell):

export DR HOOK | GNORE_SI GNALS=29

This typo will be fixed in CY28R2.
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Examples of Dr.Hook output from |IFS:

Dr. Hook Traceback

0: 15:57:40 3TEP 2256 H= £24:00 +CPU= 41._279

12: [myprocfld, cidfd, pidf559242)]: Beceiwved signalffzd [(SIGKCPT) ; Memory: Z017175KE (heap), OE [stack)
12: [rgproecild, cidfl, pidf55924]: MASTER (Hl,.=t=1,wall=0_000=/0_000=
l?:[myp:ocﬁl4,tidﬁl,pidﬁ55924]: CHTO fl,=c=1,%wall=0.000=0_000=

12: [mgprocld, cidfl pidf55924]: CHT1 . ffl,=t=1,wall=0_000=0_000=

12: [mgprocld, cidfl pidf55924]: CHTZ f1l,=t=1,wall=0_000=/0_000=

12: [ryprocHld, cidfl, pidfss92a]: CHT2 . fl,=t=l,wall=0_000=/0_000=
l?:[myp:ocﬁl4,tidﬁl,pidﬁ55924]: CHTd  fl,=c=1l,wall=0_000=/0.000=

12: [mgprocld, cidfl pidf55924]: BTEF0 . F976,=t=1l,wall=10521_ &59=/0.000=

12: [mgprocld, cidfl pidf55924]: BCANEH #1015, =t=1l,wall=59123_ F67=/0.042=

12: [ryprocld, cidfl, pidfs5924]: SCANZMDM F1015, =t=1,wall=53132_ &96=/2E. 026=

12: [rgprocld, cidfl, pidf55924]: =F_MODEL 928, =6=1,wal 1 =5545_ 641=/2 _520=

12: [mgprocld, cidfl pidf55924]: EC_PHYS . #212592,=t=1l,wall=61a4_ 537=/22. 278=

12: [mgprocld, cidfl pidf55924]: CALLFRR FEL2692, =t=1,wall=5&56. 766556 120=

12: [ryprocld, cidfl, pidfs5924]: SLTEND #212592, ==l wall=F6Z.390=179_ 559=

12: [myproecHld, cidfl, pidf 559241 CUADJTO L H117166599, =6=1,wall=199& _ 263=/ 1377 25E=
12: [mgprocild, cidffd, pidf55924]: EC_PHYS H212256,=t=l,wall=6135 d42=/i2 413=

12: [mgprocild, cidffd, pidf55924]: CALLF 2R FE12256, s6=1,wall=5560_276=/85.000=
12: [ryproecHld, cidffd, pidfs5924]: CUCALLY H#E£125810, =:=1,wall=27231_710=/E7.952=
12: [myproecHld, cidfd. pidf 559241 CUMASTEN HEL12610,=6=1,wall=E679.395=/26_E75=
12: [mgprocild, cidffd, pidf55924]: CUDDEAFN HEL12510, =t=1,wall=66_536=/E2_ 2di=
12:

1z: Signal receiwed: FIGHCPT - CPUT fime limit excesded

12:

12: Tracebachk:

12: Location 0x0000277c

1z: Off=et 0x000000Fc in procedurs _swvent =leep

12: Off=et 0x000003215 in procedure =igwait

12: Off=met O0x000006cE in procedurs pm_async_thread

1z: Off=et 0x00000022 in procedurs pthread body

1z: === End of call chain ---

Dr. Hook for TH511 forecast

# % Time Curnal Self Total # of call= HMIFZ MNFlops Diwv—% Poutine@3tidx
[==l£] [=ac] [=ac] [=ac] [Clu=ster: [id, =izm=]]
1 1z.15 147.00L1 147.001 137.7324 1llz7az92 714 271 3.2 *CTADJTQRL [22,4]
Z 12.11 147.00L1 146.4394 196.555 11256916 T15 272 b CUADJTQR: [22,2]
2 lz.09 147.00L1 1496247 197027 1llzse072 719 274 3.2 CUTADJTES [2E,3]
3 1z.08 147.00L1 146062 196. 742 112786491 17 272 3.2 CUTADJTOEE [2E,3]
5 5_56 214 F3E 67 _Z96 G0_TE6 1nd a2 31 a.a TERANS INV_MOLEL [516.1]
& 5_5E E8L1.552 E7.254 F2.602 a7 21 277 .49 TRCOUPLEEL [557,1]
7 546 247 612 EE.OEE Tron0d a5 SEL1 17 o1 TRANED IR _MDLEL [514,1]
g .71 292507 44._594 181.&872 452543 253 21 2.4 *CUTABCHEL [22,4]
2 2.63 292507 a4 EEZ 182,251 45414 FEQ 21 2.4 CUTASCHEE [232.4]
in 2.63 292,507 44 5432 152,340 45243 255 2l 2.3 CUTASCHE: [22.4]
11 2.65 29E.507 393332 131.696 25355 65 2l 2.3 CUTASCHEE [23.4]
1z 2212 220218 27.711 537,339 ZETER 1065 247 3.z *CLOTDECEE [5. 3]
1z .11 220218 27.605 59262 ZETa? 1065 245 L CLOUDSCEZ [5.49]
14 2.11 430 F1E IT_5E 9120 ZEBTE 1065 297 q_Z CLOMDECE2 [5.9]
15 2.049 430 _F1& 27217 Gd_5E5 ZERAE 1071 248 q_F CLOVDSCREL [5.4]
1& z.50 dEQ . EL12 20295 BE. 222 ZET23 1zz0 181 [ *CUELSENEE [ 24, 4]
17 z.43 4E0 . 512 20,143 BE.ZE2 zz7a7 1zz9 18z [ CUBABENREE [24,4]
1& z.48 4E0 . 512 20,024 BE.112 ZEEIE 1z320 18z [ CUBASENREL [24,4]
17 .45 460512 z9.953 66.172 ZEZBTE lzz2 15z 6.7 CUBA3ENRE: [24,4]
zn z.17 456,720 Z6.217 27578 2555595 G2E 36 1lz.2 *CUENTERE [22,4]
zl Z.17 256720 Z6.Z07 2T.691 2552605 GET £ 1z.32 CUENTER@E: [22.4]
ZE Z.16 56720 Z6.149 27,597 2591106 G232 36 122 CUENTERESE [ 22.2]
22 Z.15 56720 Z6.006 2T.2E6 ZEG0EET G232 36 122 CUENTEEL [ 22.%]
2d z_07 £511.791 Z6_0E60 26327 ZEEAE0T 76 zq =g} *CUEASMCHNE2 [25,4]
zE E.0E £11.731 £4.903 26226 ZESEEIE a3 28 .5 CUBABMCHREE [25,4]
ZE z.05 £11.731 £4.727 26,194 2EF110E 185 zq .5 CUBABMCHEE [25,4]
27 z.04 £11.721 £4.704 2E.1ES ZESEEEE e 27 2.0 CUBABMCHEL [25,4]
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