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PetaSIM Motivation

PetaSIM was designed to allow “qualitative” performance
estimates” where in particular the design of machine is
particularly easy to change

The project will build up a suite of applications which can be used
In future activities such as “Petaflop” architectures studies

Applications are to be derived “by hand” or by automatic
generation from Maryland Application Emulators

Special attention to support of hierarchical memory machines and
data intensive applications

Support parallelism and representation at different grain sizes

Support simulation of “pure data-parallel” and composition of
linked modules
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PetaSIM | nterpolates Between

* “Back of the envelope” where you get good
Intuition for why the performance is what it is

Communication Over head

In classical data parallel tcomm

(edge over area) with Ldim
NO memory hierarchy t (grain size)

NO latency float

where dim isgeometric dimension

e Detalled smulations
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Analyse and Classify Existing real Applications

Choose Exemplars of Key Application Classes
Exposing Coarse Grain Module and Data Parallel Structure

Use Graphical Interface to design HLAM

Transformation/
Runtime Compilation
Using Emulated Libraries

S
Correct/Improve™

Representation HLLAM

\ J i
’_-—"

PetaSIM to simulate
(sequential/parallel)

Validate
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Can define

Task Parallelism Module | ;s vodules

multiple levels !
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Aggregate

Data Parallelism
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Aggregate

Phases of Loosely
Synchronous

Computation

Memory Hierarchy

Splitting of
Agoregates to
lower levels of
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Data Movement in a 5 level
Memory Hierarchy

Level 2 and illustration of hierarchical machine model
Cache

e

8 Nodes ina parallel machme
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PetaSIM Design

We define an object structure for computer (including
network) and data

These object representations can be used in dynamic
tools such as scheduling (cf. Legion or Globus) and
seamless interfaces

Architecture Description
— nodeset & linkset
— (describethe architecture memory hierarchy)

Data Description
— dataset & distribution (not stressed in current version)

Application Description -- needs further refinement

— execution script
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Architecture of PetaSI M

Standard

Java Applet
Client

Standard
Java Applet
Client
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Switch |IBM SP2
Architecturel
......... used In tests

View as a bunch of nodesets
joined by a bunch
of linksets
Each component defined as
Ci1 . .
. “objects” which are
valuable outside

@@@ @ PetaSIM

Disk Disk Disk Disk
P2 Node Pmcessur Archltecture
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Newvork |IBM SP2

e \Architecture
4 > @0 - | |

link4
e e, USEO IN TESES
lirkg”” BUSz il
BUS3 lirik 1
BUE1
link7 link2

Drisk Disk Disk Drisk
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Nodeset Object Structure

Name: one per nodeset object

type: choose from memory, cache, disk, CPU, pathway

number: number of members of thisnodeset in the ar chitecture

grainsize: sizein bytes of each member of this nodeset (for memory, cache, digk
bandwidth: maximum bandwidth allowed in any one member of this nodeset
floatspeed: CPU'’s float calculating speed

calculate(): method used by CPU nodeset to perform computation

cacherule: controls persistence of datain a memory or cache

portcount: number of portson each member of nodeset

portnamel]: portsconnected to linkset

portlink[]: name of linkset connecting to this port

nodeset_member list: list of nodeset membersin this nodeset (for nodeset
member identification)

7/14/98 petasmmay98 http://www.npac.syr.edu 11



Linkset Object Structure

Name: one per linkset object

type: choose from updown, acr oss

nodesetbegin: name of initial nodeset joined by this linkset
nodesetend: name of final nodeset joined buy this linkset

topology: used for across networ ksto specify linkage between membersof a
single nodeset

duplex: choose from full or half

number: number of members of thislinkset in the architecture

latency: timeto send zer o length message acr oss any member of linkset
bandwidth: maximum bandwidth allowed in any link of thislinkset
send(): method that calculates cost of sending a message acr oss the linkset
distribution: name of geometric distribution controlling thislinkset

linkset_member _list: list of linkset membersin thislinkset ( for linkset member
Identification )
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Distribution Object Structure

 Name: one per distribution object

 type: choose from blockldim, block2dim,
block3dim

— Obvioudly will add more choices here!
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Execution Script

Currently a few primitiveswhich stress (unlike most languages)
movement of data through hierarchies

send DATAFAMILY from MEM-LEVEL-L to MEM-LEVEL-K
— Thesereference object namesfor data and memory nodesets

move DATAFAMILY from MEM-LEVEL-L to MEM-LEVEL-K

Usedistribution DISTRIBUTION from MEM-LEVEL-L to
MEM-LEVEL-K

compute DATAFAMILY-A, DATAFAMILY-B,... on MEM-
LEVEL-L

synchronize (synchronizes all processors --- loosely synchronous
barrier)
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Dataset Object Structure

Name: one per dataset object

choose from grid1dim, grid2dim, grid3dimspecifies type of dataset
bytesperunit: number of bytesin each unit

floatsper unit: update cost as a floating point arithmetic count
oper ationsper unit: operationsin each unit

update(): method that updates given dataset which is contained in
a CPU nodeset and a grainsize controlled by last memory nodeset
visited

transmit(): method that calculates cost of transmission of dataset
between memory levels either communication or movement up
and down hierarchy

— Methods can use other parametersor be custom
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Jacobl Example -- Nodeset |

name Type number grainsize portlink (floatspeed)
nodeset_ name linkset_name (replicated #times=#linksfor nodeset in first line)
nodeset_member link_number nodeset_ member linkset_member (pair replicated again)

cpu CPU 8 321 1.56116e-7
mem link1 mem Memory 8 134217728 2 disks Disk 8 2147483648 1
cpuO 1 memO link10 cpu link1 ctl2 link2 ctl1 link3
cpul 1 memllink1l memO 2 cpuO link10 ctl20 link20 | dO 1 ctl10 link30
cpu2 1 mem2 link12 mem1 2 cpul link11 ctl21 link21 | d1 1 ctl11 link31
cpu3 1 mem31ink13 mem2 2 cpu2 link12 ctl22 link22 | d2 1 ctl12 link32
cpud 1 mem4 link14 mem3 2 cpu3 link13 ctl123 link23 | d3 1 ctl13 [ink33
cpu5 1 mem5 link15 memd4 2 cpud link14 ctl24 link24 | d4 1 ctl14 link34
cpu6 1 mem6 link16 mem5 2 cpub link15 ctl25 ink25 | d5 1 ctl15 link35
cpu7 1 mem7 link17 mem6 2 cpub link16 ctl26 link26 | d6 1 ctl16 link35
mem7 2 cpu? link17 ctl27 link27 | d7 1 ctl17 link37
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Jacobi Example -- Nodeset | |

ctl1 Pathway 8 0 2

disks link3 ctl2 link4

ctl10 2 dO link30 ctl20 link40
ctl11 2 d1 link31 ctl21 link41
ctl12 2 d2 link32 ctl22 link42
ctl13 2 d3 1ink33 ctl23 link43
ctl14 2 d4 link34 ctl24 link44
ctl15 2 d5 1ink35 ctl 25 link45
ctl16 2 d6 1ink36 ctl26 link46
ctl17 2 d7 link37 ctl27 link47

ctl2 Pathway 8 0 3

mem link2 ctl1 link4 network link5

ctl20 3 memO link20 ctl 10 link40 networkO link50
ctl21 3 meml link21 ctl11 link41 networkO link51
ctl22 3 memz2 link22 ctl12 link42 networkO link52
ctl23 3 mem3 link23 ctl13 link43 networkO link53
ctl24 3 mem4 link24 ctl14 link44 networkO link54
ctl25 3 mem5 link25 ctl15 link45 networkO link55

ctl26 3 mem6 link26 ctl16 link46 networkO link56
ctl27 3 mem7 link27 ctl17 link47 networkO link57

network Switch1 0 1

ctl2 link5

networkO 8 ctl20 Iink50 ctl21 link51 ctl22 link52
ctl23 1ink53 ctl24 [ink54 ctl 25 1ink55 ctl26 [ink56
ctl27 link57
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Jacobl Example -- Linkset |

link1l Updown Full 8 0.0 524288000

mem cpu
link10 memO cpuO
link11l meml cpul
link12 mem2 cpu?2
link13 mem3 cpu3
link14 mem4 cpu4
link15 memb5 cpub
link16 mem®6 cpub
link17 mem7 cpu?

link2 Updown Full 8 0.0 83886080

mem ctl2

link20 memO ctl20
link21 mem1 ctl21
link22 mem?2 ctl22
link23 mem3 ct|23
link24 mem4 ctl24
link25 memb5 ctl25
link26 mem®6 ct|26
link27 mem7 ctl27

7114798
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Excerpt from Linkset Definitions
1)name Type Duplex number latency bandwidth
2)nodesetbegin nodesetend

3)linkset_member nodeset_ member begin
nodeset_member _end

link3 Updown Full 8 2.0e-4 8388608
ctll disks

link30 ct|10 dO

link31 ctl11 d1

link32 ctl12 d2

link33 ct|13 d3

link34 ctl14 d4

link35 ctl15 d5

link36 ct|16 d6

link37 ctl17 d7
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Jacobl Example -- Linkset |1

Excerpt from Linkset Definitions.
name Type Duplex number latency bandwidth

nodesetbegin nodesetend

linkset_member nodeset_member begin nodeset_ member _end

link4 Updown Full 8 0.0 83886080
ctll ctl2

link40 ctl10 ctl20

link41 ctl11 ctl21

link42 ctl12 ctl22

link43 ctl13 ctl23

link44 ctl14 ctl24

link45 ctl15 ctl25

link46 ctl16 ctl26

link47 ctl17 ctl27

link5 Updown Full 8 4.0e-5 83886080
ctl2 network

link50 ctl20 networ kO

link51 ctl21 networ kO

link52 ctl22 networ kO

link53 ctl23 networ kO

link54 ctl24 networ kO

link55 ctl25 networ kO

link56 ctl26 networ kO

link57 ctl27 networ kO
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Jacobl Example
Dataset Definition isvery simple (by design):

name type size bytesperunit floatper unit operationperunit

Jacobi Grid2dim 10000004 4 10
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Jacobl Example -- Execution Script |

K/log\‘/%“‘]t:c‘z) ?)Ci?‘? iof: dcf‘t";‘ i1 Move Jacobi from dO to ct|10
move Jacobi from ctl10 to ctl20

move Jacobi from ctl11 to ctl21 .
move Jacobi from ctl21 to mem1 move Jacobi from ctl20 to memO

move Jacobi from mem1 to ctl21 move Jacobi from memo to ctl20
move Jacobi from ctl21 to networ kO move Jacobi from ctl20 to networkO
move Jacobi from networ kO to ctl20 move Jacobi from networkO to ctl21
move Jacobi from ctl20 to memO move Jacobi from ctl21 to meml
move Jacobi from memO to cpuO move Jacobi from mem1 to cpul

compute Jacobi on cpuO

move Jacobi from mem1to ctl21
move Jacobi from ctl21 to networkO
move Jacobi from networkO to ctl22

compute Jacobi on cpul
move Jacobi from mem0O to ctl20
move Jacobi from ctl20 to networkO

move Jacobi from ctl22 to mem?2 move Jacobi from networkO to ctl24
move Jacobi from mem?2 to cpu2 move Jacobi from ctl24 to mem4
compute Jacobi on cpu2 move Jacobi from mem4 to cpu4d

move Jacobi from mem1 to ctl21
move Jacobi from ctl21 to networ kO
move Jacobi from networkO to ctl25 Alsoas mpl e data par alld
move Jacobi from ctl25 to mem5 -

move Jacobi from memb5 to cpub verson
compute Jacobi on cpu5
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Jacobl Example -- Execution Script ||

Move Jacobi from d5 to ctl15

move Jacobi from ctl15 to ctl25
move Jacobi from ctl25 to mem5
move Jacobi from memb to ctl25
move Jacobi from ctl25 to networkO
move Jacobi from networkO to ctl21
move Jacobi from ctl21 to meml
move Jacobi from memLl to cpul
compute Jacobi on cpul

move Jacobi from memé6 to ctl26
move Jacobi from ctl26 to networkO
move Jacobi from networkO to ctl27
move Jacobi from ctl27 to mem?7
move Jacobi from mem?7 to cpu7
compute Jacobi on cpu?

7/14/98

Move Jacobi from d7 to ctl17

move Jacobi from ctl17 to ctl27
move Jacobi from ctl27 to mem?7
move Jacobi from mem7 to ctl27
move Jacobi from ctl27 to networkO
move Jacobi from networkO to ctl23
move Jacobi from ctl23 to mem3
move Jacobi from mem3 to cpu3
compute Jacobi on cpu3

move Jacobi from mem?7 to ctl27
move Jacobi from ctl27 to networkO
move Jacobi from networkO to ctl26
move Jacobi from ctl26 to mem6
move Jacobi from mem6 to cpu6
compute Jacobi on cpu6
synchronize

petasmmay98 http://www.npac.syr.edu
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Pathfinder Performance Estimation

Results

(Architecturell)

Examples IEM SP% . I?etasi;n .Petas.im . P.'eta,sir.n _Petas?m
Running Time Estimation Time(appl) Execution Time(appl) Estimation Time(max) Execution Time(max)
proclépath 26,48 2528 241 21.12 24
proc3Zpath 2538 2468 12,18 29,11 12.24
procédpath 43,80 4307 46,01 26,86 4595
procl 00path B0, 34 53,80 145,91 52,68 149,87
path. varyld &) 22,99 21.46 13.26 15.45 1326
path. vary(8_56) 13.32 13.37 11.86 10.08 11.85
path.vary(16_48) 10.85 10,63 11.24 912 11.25
path.vary(32_32) 10.93 10,57 10,15 989 10,18
path vary(4s 16 12,79 12,28 213 11.84 4,14
path. vary(s6_8) 18,20 17.45 719 17.18 720
path, vary(so_4) 0,02 2895 6,52 2868 647
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Pathfinder Performance Estimation Results

Pathfinder Estimation Results
1 | | 1 | | 1 |
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PetaSIM Estimation Time
PetaSIM Execution Time 52—
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Pathfinder Estimation Results (with I/O ratio changed)
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PetaSIM Execution Time -8—
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PetaSIM Estimation Results
(Architecturel)

Examples IEM SP% .PEtHESim : Pet.as im.
Running Time Estimation Time Execution Time
procl Stitan{S K 114 10523 712
procl Stitan(z27E) 247 318,51 21.61
procaZtitan27E) /A 31e.07 41,63
procl Spath(9E) 166 155.45 3,49
procl Spath(=7K) AS7 454,51 257
procizpath(S5K) /A 71048 78.99

7/14/98
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| nter face between Emulator and PetaSIM
Part of Pathfinder Application

Excerpt from Nodeset Definitions

name Type number grainsize portlink (floatspeed)
nodeset_name linkset_name

nodeset_member link_number nodeset member linkset_member

cpu CPU 8 32 1 1.530000e-06 mem Memory 8 134217728 1
busl link2 busl link1

cpuO 1 busl0 link20 memO 1 bus10 link10

cpul 1 busll link21 mem1 1 busll link11

cpu2 1 busl2 link22 mem2 1 bus12 link12

cpu3 1 busl3link23 mem3 1 bus13 link13

cpu4 1 busl4 link24 mem4 1 bus14 link14

cpu5 1 busl5 link25 memb5 1 bus15 link15

cpu6 1 busl6 link26 mem6 1 busl6 link16

cpu7 1 busl? link27 mem7 1 busl17 link17
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| nter face between Emulator and
PetaSIM -- Pathfinder

Excer pt from Linkset Definitions.

name Type Duplex number latency bandwidth
nodesetbegin nodesetend

linkset_member nodeset_ member begin nodeset_ member _end

linkl Updown Full 8 0.000000e+00 134217728

busl mem

link 10 bus10 memO link2 Updown Full 8 0.000000e+00

link11 bus11 mem1 134217728

link12 bus12 mem?2 busl cpu

link13 bus13 mem3 link20 bus10 cpu0

link14 busl4 mem4 link21 busl1 cpul

link15 busl5 mem5 link22 bus12 cpu2

link16 bus16 mem6 link23 bus13 cpu3

link17 busl7 mem?7 link24 busl14 cpu4
link25 bus15 cpu5
link26 bus16 cpu6
link27 busl7 cpu7
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| nter face between Emulator and PetaSIM -- Pathfinder

Excerpt from Dataset Definitions.

name type size bytesper unit floatper unit operationper unit

dataO grid2dim 469204 1 1
datal grid2dim 469204 1 1
data2 grid2dim 469204 1 1
data3 grid2dim 46920411
datad grid2dim 46920411
datab grid2dim 46920411
data6 grid2dim 469204 11
data7 grid2dim 46920411
data8 grid2dim 469204 1 1
data9 grid2dim 469204 11
datalO grid2dim 469204 11
datall grid2dim 46920411
datal2 grid2dim 46920411
datal3 grid2dim 46920411
datal4 grid2dim 46920411
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| nter face between Emulator and PetaSI M
Pathfinder

Excer pt from Execution Script.

move data0 from disks0 to bus30
move data0 from bus30 to bus20
move data0 from bus20 to busl0
move data0 from busl0 to memO
move dataO from mem0O to busl0
move data0 from busl0 to bus20
move dataO from bus20 to nwa0
move dataO from nwa0 to networ kO
move data0 from networ kO to nwall
move dataO from nwall to bus211
move data0 from bus211 to busli1l
move dataO from buslll to meml1l
move dataO from mem11 to busl1l
move dataO from buslll to cpull

compute data0 on cpull
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Titan Estimation Results
(Architecturell)

Examples IBI'?fI SPII | P.'etasipl .Petas.im | P.'etasilln .Petas?m
Running Time Estimation Time(appl) Execution Time(appl) Estimation Time(max) Execution Time(max)

procletitan 66,51 59.95 13.89 59,52 1284
proc3Ztitan 94,16 101.20 50,65 100.48 20,43
procédtitan 112.42 156,52 209,44 154.85 20963
procl00titan 154.90 226,56 594,49 224,37 595,71
proclbfized 66,83 59.95 1392 59.52 1282
proc32iized 4716 50,32 25,24 4392 25,18
procédfized 27.84 37,63 52,37 3726 52,25
procld0fized 24,37 23,56 54,94 3331 94,50
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Titan Estimation Results (fixed)
]ﬂﬂ | | | | | | | | |

Running on §P2 —— L
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PetaSIM Execution Time <5
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VM Scope Perfor mance Estimation
Results
(Architecturell)

Examples lBI‘lsfl SP; | P.'etasifn .Petas.im | P.'etasilln .Petas?m
Running Time Estimation Time(appl) Execution Time(appl) Estimation Time(max) Execution Time(max)
proclévmscope 17.13 14,58 0.25 14.58 0.26
roc32vinscope 21,35 17.80 0,67 1774 0,68
procédvinscope 21.43 18.02 211 18.00 212
proc00vinscope 18.50 1545 476 1543 4,84
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PetaSIM Current Progress Summary

o Architecture Description (nodeset & linkset)

« Application Description (dataset & execution script)
e Link to Application Emulators

e Jacobi hand-written example

o Pathfinder, Titan, VM Scope real applications (Generated by
UMD’s Emulator)

« Easy modified Architecture and Application description

 Fast and relatively Accurate performance estimation (PetaSI M
running on single processor )

« Java applet based user Interface
e About 5000 lines of C++ and 4000 lines of Java (client and server)
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Possible Future Work

Richer set of applications using standard benchmarks and DoD
MSTAR

Relate object model to those used in “seamless interfaces” /
metacomputing i.e. to efforts to establish (distributed) object
model for computation

Review very ssimple execution script -- should we add more
complex primitives or regard “application emulators” as this
complex script

Binary format (“compiled PetaSIM”) of architecture and

application description ( ASCII format will make execution script

very large)

— Trandation tool from ASCII format to binary format (to retain the friendly
user interface)

Upgrade performance evaluation model

Run performance ssmulation in parallel (i.e. PetaSIM running on
multi-processors)
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