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LibPressio — Generic Abstraction for Compression E\(g\\)lz’ CovEET

LibPressio Ecosystem

Problem: Every library has its own API
- Harder to learn and use

- Requires rewrite to use new compressors
- Limited collaboration and comparison

e Solution: One C/C++ API for all compressors

* Who: Application Users and Compression Developers Libraries

* Features:
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- Supports many compressors

* SZ,ZFP, MGARD, FPZIP

* Also: Images (i.e. JPEG, WEBP), Lossless (BLOSC)
- Safe, Consistent, Simple, Introspectable, Fully Documented
- Tooling Interface for Analysis
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LibPressio — Getting Started
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- Easy to Install/Use (Spack, Container, Cmake)

- Extensible with:
* Compressors — Writing a Compressor Plugin

* Tooling Modules — Writing a Metrics Plugin
- Asimple, consistent workflow
* Get areference to a compressor

* Configure and assign options

* Describe input and output buffers
e Compress

* Decompress

* Release Resources

- Resources
* Waitch the "LibPressio Tutorial" on YouTube

* Reference the extensive developer documentation
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//gqet the compressor

struct pressio* library = pressio_instance();

struct pressio_compressor* sz = pressio_get_compressor(library,
I1SZII} ,

//configure, validate, and assign the options

struct pressio_options* config =

— pressio_compressor_get_options(sz);
pressio_options_set_integer(config, "sz:error_bound_mode",

— REL);

pressio_options_set_double(config, "sz:rel_err_bound", 0.01);
pressio_compressor_set_options(sz, config);

//read in an input buffer

size_t dims[] = {500,500,100%};

struct pressio_data* description =

— pressio_data_new_empty(pressio_float_dtype, 3, dims);
struct pressio_data* input_data =

— pressio_io_data_path_read(description, "CLOUDf48.bin.f32");

/lereate output buffers

struct pressio_data* compressed_data =

— pressio_data_new_empty(pressio_byte_dtype, 0, NULL);
struct pressio_data* decompressed_data =

— pressio_data_new_owning(pressio_float_dtype, 3, dims);

//compress and decompress the data
pressio_compressor_compress(sz, input_data, compressed_data);
pressio_compressor_decompress(sz, compressed_data,

— decompressed_data);



https://robertu94.github.io/libpressio/writingacompressor.html
https://robertu94.github.io/libpressio/writingametric.html
https://youtu.be/RbxxLdp_p_s
https://robertu94.github.io/libpressio/

LibPressio — Progress and Direction
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* Since last year:
* Several new and improved compressor plugins
* Better integration with IO libraries
* Improved metrics and metrics execution plugins

* Significant improvements to language bindings

* Current Uses:
- Language Bindings (Bash, Python, Julia, R, Rust)
- FRaZ/Opt — Autotuning Frameworks for EBLC
- Z-Checker — Error Analysis Framework
- Fault Injection Workflow
- Distributed Compression Benchmarking
- And many other research workflows!
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LibPressioOpt — Why is this difficult? ST

* What: Tune compressors using user’'s metrics

. 140 —g5 —— —
* Why is this needed: (20| 8 |
- Users need lossy compression: e |
: o 120 '
* to reduce storage footprint = 63
0,0
* to achieve “best fit” compression E 110 ¢ 7 i
. S
* to manage streaming volume » 100 Eg
. . ) : '
- Users care how their ana|y5|s are affected 5 90 Lol o L E 124 e P i
_ _ £ 122
- Many user metrics are hard to bound analytically 3 gp . 120
: : : 118
- .o, @0, 0 O
Sometimes we can improve over analytical 70 |l# 25.%35.25. %0, %35 %
methods
BD 1 1 1 1
* Why is this hard? 7 %% 9% %% %% %0 %y
- The relationships between bounds and metrics Error Bounds
are complex
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Formulating the Optimization Problem E\(g\\;r—" CoTiT

e Given:

Original Dataset Dy,
Decompressed Dataset Dy

Fixed Compression Parameters 6

Acceptable Compress.or Error Bound U [ User ] [ o Aml;:atimg,ESM_LE () User&Apps
Real compression ratio pr(Dy;, e, 0) ) (] Third party
: . Specify target Tinvoke
Target compression ratio p(D . (), Keymodules
s P . . Pt( f"_t) ~ (main contributions)

Target compression ratio relative tolerance e [Analysis Metric Adaptor/Plugin J—)[ Launch handler J () Libpressio Ecosystem
Let: Compressor Error Bound e . BN Secarch module () Component type
° Minimize over e: Lossy compressor container 'g

3 ) FrazZ/

(pr(Dsr,e,0) — pi(Dse)) st 0<e<U [sz [ZFPJ [MGARD]---‘ OPT I I

. . y search/...

if (pr(Dy,t, €, 0) — pi(Dr))* < € pi(Dye), terminate

e Many Algorithms preform poorly:
We don't have a analytic forms for py, pi/, Or pet7
Numerical derivatives are costly, O(sec) — O(min)
Empirically, p, often is non-convex many local optima
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Parallelizing the Algorithm E\(\g\jp gemas

. . Algorithm 2 TRAINING
1 . By F e ld - e m b alrrassin g ly p dlrd I. le l Input: target compression ratio py (D ¢ 4 ), acceplable error €. dataset Dy, max

allowed compression error [J

Output: real compression ratio ,’JT(D!’“E}, recommended  error bound

2. By Timestep coting ¢

1: .Eu.sk.s[N]
- Do first timestep as normal : ;i,i’:f;g%‘;T‘;{maki_irrﬁ_}gﬂﬁnds@?;n} ’
. . : nsks(t] +— launch_faos £ by T, iy ) e n
- Guess next solution is same as last Sendfor ’
TW € nortdorne do
. " 1 7 lnst_task + next_completed(tasks
H: WTI0 ngr d 0 fu “ tu N ng agal N &: f:m:d:ate :cam;ressifn‘_trat{:ﬂ{fas}i_faskj
9: il pe(Dyy)(1—€) < candidate < py(Dy4)(1+ ¢) then
3. By Error Bound Range s ek a0
. . . . 12: uunwi_‘i_,l"_uui_f‘in‘i.shf;d(-‘,u.sk}
+ Split search range [0, U] into n similarly 130 end for
sized subranges run an independent 16: end oy ek eomEleted)
17: pe(Dyie) = o0
search on each as hardware allows 18 fﬂﬁﬂ;ﬂﬁ;ﬁ;}jﬂ@ |
- a slight overlap (i.e. 10%) improves %z p ¢ Comrasion.ratio(task)
. . . Pr=p
performance allowing for sufficient 2s: e it
statiopary points in the overlapping region 26: veturn py (D0, ¢)yerron_bound(task)
e
Lower bound Adjacentr:agmnsnverlap Upper bound WO rke r A lgO rlth m
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Results: Runtime E\(\g\jp SR

seme Method — s Ohbjective Acceptable Range
- Runtime depends substantially if the requested 18 9
. p. y q s.“:}l.llJ\ thﬂ[\\ /\V\\_m
target is feasible: g Y ’ | v Nasr”
12 LWL -
- Good (feasible) Case: We terminate early 10— o555 26— 5T 355540
. Time Ste Time Ste
m O.St Of th o t| me (a) Bad [Iﬂnvergf:zce Case {b) Good Cnnvcrgcx?cc Case

-+ Bad (infeasible) Case: We alternate

_ , R Solutions in good/bad case
between a compression ratio which is too

Small Or tOO la rge Sensitivity l.ﬂﬂ'L-e'l:rget Ohjective
1200 otal Time mmw Compression Time
Very small compression ratios are often infeasible
because there is a minimum compressed size 3 2o
- There are also gaps between feasible and infeasible. -
For this figsure pi(Dy.) € [14,16] are infeasible for the . II I
specified ¢ . --....-...!--E ---!!!u!!:!u
- In the feasible case, overhead is often ~ 2x just e Comprmion Rl 2
__compressing with the correct error bound. Time to solution for many targets
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Results: Quality of Solution CovEUTh:

- Fixed Ratio SZ/ZFP is g)
generally better than ZFP R -

Fixed Rate at each T s 0o
. . {ap Hurmcane(TCI48)
compression ratio:

180 160
. . 140 | 140 | //,,;,:
- Better Rate Distortion g groo| o —
= 100 | - T B0 | a —
(higher PSNR per bit rate) R R =
. - ZFP(FraZ) —w— R 2FP(FraZ) —w—
: * Telapls) - | mgee Rl
* ngher SS'M .w{l 2 4 E .'_l 1Il] 12 uﬁ 2 -‘. E 8 1l|3 1l2 1I-1 1.6 1l82l2|
\ Bit Rame Bit Rate ) ; i d
* H Igh e r PS N R (b) NYX(temperature) (c) CESM-ATM(CLDHGH (b)y ZFP (FRaZ) (PSNR=Thjc) ZFP (fixed-rate) (PSNR=56,
S5IM=0.997, ACF(error)=0.516)55IM=0.986. ACF(emor)=0.383)
- - 180 . . . . . . . . 110 . . . . . .
- Better visual quality o ] D] o
@ o0 | _,f_‘.ﬂ':""ﬂ & 70 < o
: . ; : g % e e
- Figure 1: Rate Distortion for e o e —
Al e I T
T Fpfiedaate) e | 10 ZFP{fund-rate) - a- -
Seve ral Datasets n{l 2 4 ﬁ :EMIlEI "‘:: 1l-1- 1lG 1B nﬁ ; -1 ﬁl ﬁrEIlﬂ 1-2 14 L

Bit Rate Bit Rale i
(d)y HACC(x,v.7) (e) EXAALT(xv,7) 5 () A

* FIgU re 2: Vl S Ual Quallty fo I (dy SZ ﬂ;rZ:l [P‘SN:E\!D.-H::L MGARD (FraZ) |PS=?{I.

S5IM=0.999, ACF(errori=0.344)551M=0.977, ACF(error)=0.92)

=Several Compressors )
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