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Our Approach for Understanding
Application Performance

Gather performance data from multiple sources.
— static analysis, profilers, simulation

Fuse data, compute derived metrics, and correldlke v
the source code Into a hyperlinked database.

View database using commodity hypertext browsing
technology.

Tools

- MHSIM: simulator for multi-level memory
hierarchies

- HPCView: correlates multiple profiles



MHSIM

Used for diagnosing memory hierarchy performance
pottlenecks.

~/7 source code Is instrumented with calls to a orgnr
nierarchy simulator.

Provides performance information for each levetlhaf
memory hierarchy for source references, loops, and
arrays.

Provides measures for locality, spatial use, artdsy
accessed.

Indicates for each reference the set of referetitds
cause It to be evicted.



The MHSIM User Interface
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Selection in any pane navigates other panes and highlights matching infor mation.



HPCView

Reads one or more performance metric measureniest
stored in machine—-independent XML form (e.g. metric
gathered from hardware performance counter samplin

A companion binary analyzer supplies loop nesting
Information to enable HPCView to compute loop—leve
performance metrics.

Can compute derived performance metrics as funstodr
Input metrics.

Correlates performance metrics with source code
producing structured output at line, loop, procedite,
and program levels.

Completely customizable views: input metrics, peogr
structure information, and computed metric equatialh
from a configuration file.



The HPCView User Interface

File Edit View Go Communicator

SOURCE FILE: /home/jobrmc/researchiascifapplications ssmg98 mewssmg®8//struct linear solvers/smg residual kernels c
L34 bypre BoxLoop3I2(loopi, loopj. loopk, loop size,
85 B data box, start, base stride, Ai,
96 # data box, start, basze stride, =1,
a7y r_data box, start, base stride, ri,
93 {
a9 register double tmp;
100 register dovble tmpl;
101 #xl = x3;
102 ®2 = =d;
103
104 f* dnterleswe loads so adjacent loads hit different
105 lines to hetter exploit parallelism in the
106 memocy hierarchy
107 *f
10a
109 tmp = rplri];
110 x3 = xp3[xi].
111 tmp2 = rplri + hypre  1inc3];
112 xd = xpd[xithypre iinci]:
| sorted | sort | sort | Zack | morct | sackt |
Location | Cycles % | L1 niss % | L2 miss % | FLOPS % | LIL2 BW | L2M BW |
I

f.80e+09 100 | 3 63e+08 100 | 2.T73e+07 100 | 5. 88e+08 100 | 5.13e+08 | 1, 5de+08

Prugra:m

smg_residual kernels c: 9 | 1 2Fe+09 189 | 8 39e+07 23 | 4 65e+06 17 | 2. 04e+08 35 | 6 40e+08 | 1.42e+08 |
cyclic reduction. c: 045 | B.58e+08 13 | 3.94=+07 11 | 4.94e+06 18 | 5.65e+07 10 | 4.41e+08 | 2.21e+08 |
cyclic reduction.c: 876 | T.e60e+08 11 | 2. 00e+07 g | 3.24e+06 12 | Z.85e+07 5 | 3.7%+028 | 1.6de+03 |
cyclic reduction. c: 1057 | 6. 80e+08 10 | 4 49e+07 12 | 2. 15e+05 1 | 1.13e+08 19 | 6 3d4e+08 | 1. 21e+07 |
smg_residual.c: 236 | B.01e+08 9 | 2 Tie+07 | 2.452+08 |
smg_residual. c: SEZ2 | 4.7%+08 T | 2. 5E3e+0 1. T8e+03 |
smg_restrict.c: 228 | 2. EEe+08 4 | 1. 15e+0 2. 56e+03 |
cyclic_reduction.c: 994 | 2. 00e+08 3| 2. 18e+0 4. 0e+la |
smg_residual.c: 533 | 1.94e+08 3 | 9.E53e+0 H|2.21e+08 |
smg_intadd. c: 285 | 1.73e+08 3| 1.10e+07 3] T.22e+05 3| 1.68e+07 3 | &6.08e+08 | 1.60e+08 |
struct wector o: 643 | 1.73e+08 3 | 8. 13e+04 21 1. 0de+ln 4 | | 4. Ble+08 | 2. 31e+08 |
. __cvplic veduction oo HEH L1 S%+08 2 |1 47Te+07 4 | 3 NfeslS 1 | 8 ATeslf | T 2des0T |
Parent Scope fopelic reduction. o ey TTE+EIQ 41 | 1.5de+08 42 | 8.87e+06 33 | 2.08e+08 35 | 5.35e+08 | 1.23e+08 |
Current Scope bypre CyclicReduction (cy | 2. 70e+09 40 | 1 EZ2e+08 42 | 8 80e+06 32 | 1092408 34 | 5 422408 | 1. 2Ee+08 |
Child Scopes @LP B852-970:cyclic reducti | 1.64e+09
#LP 973-1057:cyclic_reduct | 8. 94e+08 CT2e+07 2 4de+05 1 ~13e+08 T 22e+08 | 1.05e+07
§LP B10-823:cyclic_reducti | 1.60e+08 21 1.47e+07 4 | 3.00e+05 1| | 8.86e+08 | T.2Ee+07 |
et R RPN S T m [ | 12 1d~.NC n o1 1 an~.nd mn 1 0 ci1~.072 [ - 1 C 'T'Tn.I'ID 12 A~ N

S W AP = x&l

| P | ik




HPCView Displaying a Derived Metr

Hetsc'dpe he ngle (115]2!?]!] 1 e : - ! BEEE v == T

SOURCE FILE: . /heat.F
1521
1522 ifCnumdim. eq. 32 then
1523
1524 do 1=1,numcel ]
LiisEs ctry{ld=vctr=x{12 4
1526 +cell_off(LRSIDE,®_DIR,12*vetrxlcell_pnt({L0_SIDE,%_DIR,13) &
1527 +cel 1 _off(HNASIDE ,%_DIR,12*votr=Ccel l_pnt{HI_SIDE,X_DIR,13) &
1528 +cel]l_offCLOWEIDE,Y_DIR,1 2*vetrx{cell_pnt{L0_SIDE,Y_DIR.12) &
1529 +cell_off¢HI WIDE,¥Y_DIR,12*vctrx({cell_pnt(HI_SIDE,Y_DIR.12) &
1530 +cell_off{LO_NMCDE,Z_DIR,1 2*vctrx{cell_pnt{LO_SIDE,Z_DIR,12) &
1531 +cel ]l _offCHI_WDE ,Z_DIR,13*vCctr={cell_pnt{HI_SIDE,Z_DIR,122
L1532
1533
1534 alse if{numdim, edy
1535
1536 do T1=1,numceall
111537 wotry (] d=vetr=0]13 &
, | sorted ; | sort | sort |
Location | CYCLES % | ICYCLES % | STALL % | FLORS 55
Progranm | 1.69e+10 100 | 1.67e+09 100 | 1.52e+10 100 | 1.67e+08 100 |
heat.F: 1525 | 6.61e+08 38 | 4.10e+08 24 | B6.202+09 41 | 4.102+08 24 |
heat.F: 1356 | 2.39e+08 14 | 5.41e+08 32 | 1.85e+09 12 | 5.41e+D3 32 |
heat.F: 1387 | 1.82e+09 11 | &.89e2+407 4 | 1.75e+09 12 | 6.69e+07 4
heat.F: 1331 | 9.92e+08 6 | 5.73e+07 3| 9.34e+C8 6 | 5.73e+07 3
heat,F; 1332 | 8.99e+08 5 | B.362407 4 | B.36e+08 5 | 6.362+07 4 |
heat.F: 1098 | 8.13e+038 5 | 1.362+08 2| 6. .77e+08 4 | 1.362+08 g
lheat.F: 1355 | 7.55e+08 4 | | =1.00e+00 0| |
heat . F: 1341 | 5.55e+08 3 | 1.35e+08 3 1 4.19e+08 3 1 1.35e+08 A
heat.F: 1333 | 4.02e+03 2 | 1.43e+07 1 | 3. 87e+08 3 | 1.43e+07 1
heat.F: 1605 | 3.14e+08 2 | | =1.00e+00 0o |
f | heat.F: 13427 | 1.94e+08 1 | 1.35e+08 2 | 5.9Ze+0? O | 1.35e+038 a
Farent Scope FProgram | 1.69e+10 100 | 1.67e+09 100 | 1.52e+10 100 | 1.67e+09 100 |
Current Scope. heat.F | 1.68e+10 100 | 1.67e+09 100 | 1.52e+10 100 | 1.67e+08 100 |
Child Scopes #mcgds Cheat, Fi1160) | &.60e+08 51 | 1.08e+09 65 | 7.51e+08 49 | 1.08e+08 65 |
' Fmyvmul Tt {heat F:1498) | 6.61e+03 39 | 4.10e+08 24 | 6.202+09 41 | 4.10e+08 24
tdotprod Cheat F:1086) | §.14e+08 5 | 1.362+08 3 1 6. .78e+08 4 | 1.362+08 a
#faceget C(heat.F:1583) | 3.14e+08 2 | | —1.00e+00 O | |

[ [ | e




Summary

MHSIM provides detailled memory hierarchy utilizatl
Information via simulation.

HPCView displays multiple sources of performance
Information and computes derived metrics.

Results are shown in scope—hierarchy views of the
source code and the output is produced as HTML
databases that can be displayed using commodity
browsers.

Has been used to improve the performance of large
scientific applications.



