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Measure and Close Coverage

* Adoption of High-Level Synthesis (HLS) continues to grow » Test/Verification plan
* Yet with continued need for “off-the-shelf” IP * |ntegration with coverage data
* Libraries of HLS-ready C++/SystemC IP building blocks, e.g. * Measure progress towards coverage goals S
« Math, linear algebra and trig functions  HLS-Aware Code Coverage o -
* CORDIC algorithms . e Statement, Branch, FEC, Toggle | DoAY =
) DS,P Operat'ons 'nCIUdmg,F,IR f'lte,rs and FFTs , e Synthesis aware including implications of function CCOV_COVERGROUP_BEGIN( MyCCoverGroup_3, MyBCType, varl,
 Windowing classes to efficiently implement 1-d and 2-d algorithms o , {
. . . Inllnlng and |00p unrolllng on resultant RTL // Coverpoint on ac_window_mode enum describing desir
¢ MeEt|n g the fO”OW'h g reql“rements: . IZIIZI:::u'-.-'e['F'*:::uint-::r--1'_-,-'E:|:IT'_-,-';:_:IE::I-»# cpl = Fﬁdl:i[gli:tj:l'-.-":':"rI'F"[I:IintI: “f::p_E{?un
L. o Black-box Fu nCt|Ona| Cove ra ge cpl-=AddFullRangeBin ("FullRangeBin", (MyBCType)l, (My
e Optimized for Performance/Power/Area . . . 1 . f
» Easy to use/configure/customize * Define Covergroups, Coverpoints, Bins and Crosses ?E?E_;iﬂr;f Fl}f.}i"t ﬁ"; e ?_“E AddC .l:‘gﬁf anrf};l}"{tﬁﬂ
* High-Level Synthesis-ready * Specify when to sample ch2- SAddRangeBin (~RangeBin-low, 1, 16383 );
e Proven ° CO“eCt data |n Coverage database cp2-=AddPointBin ("PointBin_max", 16384 );
. . . . . . // Coverpoint on image size using PointBins
.. . , , * Provides for viewing, merging, ranking, exclusions CCoverpo inte int =% o3 = Hu..["HrEI int("cp_Inagesiz
Need to efficiently verify these highly-configurable HLS IP blocks e ML D o
* Coverage Closure ﬂOW :HHF"[lIITElII ("PointBin mar::“_. -lu .
¢ Measuring COde coverage C++ dESign source // define dp ired crosses based on above coverpoints

AddCCoverCross("cross {pl cp2_cp3", cpl, cp2, cp3);

e Statement, branch, FEC, toggle 1

- * Define and Measure functional coverage :
Introduction e ane Ve |

CCOV_COVERGROUP_END
* Merging functional coverage with Test Plan

: : * Merging coverage results
» Verify the HLS-ready C++ design IP 5ING LOVErag !
. . i; void sobel(int din[GRID][GRID], ac_channel<int> &dou o Applyl ng de5| red eXCI USIOnS
* Prior to generation of RTL s sirerare , Ln# Hits Filename:
W.th . C++ t tb h Pd c ac_window_2d_stream<int, WN_SZ, WN_SZ, GRID, 6R PY Addlng teStS as necessary temn
o I I n e S e n C 2 11? e ac rream<int, WN_SZ,WN_SZ,GRID, GR e
24  static ac \  2d_stream<int,WN_SZ,WN_SZ,GRID, GR 417
. . . 25 #elif defined BOUNDARY q emplate<class T, in CWN_ . in CWN_ . in
e C++ sim 50-500x fa ster tha n RTL si mU|at|On 28 paliatic ac_window_2d_streamclnt.WH_SZ.WN_SZ.GRID. GR Coverage Summary By Instance ( 56.71% ) ji . ;nlﬁet T ;ac_\:i—nduwfzjiflfggﬁ‘?ﬁlc_w;_ggw‘ﬂt:iz;_cu:
° o e ° . 28 #e “dir-fﬁ-.- oy 420 . q{
* Using trusted RTL verification methodologies S e ‘ o1 ||sitader _snemesrs_
31 e N o col su1: . 422 r if (!'({AC WMODE&AC LIN INDEX)) {
° PSS for re-ta rgetable eff|c|ent CR St|mu|us 5 f '1 _1 [e1g8), row_sz, 100 260091 - | assert((-AC_WN_ROW/2 <= r) & (r <= AC_WN_ROW/2
34 for(int i=0;i<GRID; ) ] ] e N ) 474269091 - assert((-AC_WN COL/2 <= c) && (c == AC_WN_COL/2
° H LS aware COde Cove rage 35 for(int j=0; j<GR Instance + Branches Expressions Statements . 1 1 else {
37 tmpx = ; : : C C 426 assert((@ == r) && (r == AC_WN_ROW));
o B|ack_box Funct|ona| Coverage %E || - = Total 57 93% 50% 62 29 j_‘ , assert((@ == c) && (c == AC_WN_COL));
e d b £ . . . lusi pis 'i;:'ff:ff'ff e e R = \ac_window_2d_stream::operator++with T = int; i... : : 100% e | sendit
Overage atabase tor VleW|ng, merglng, exc USIOnS' etc. 43 RE AR \ac_window 2d_ stream:operator++[with T =int; i... 57.93% 50% 61.9% 2l 1f (!(AC_WMODESAC LIN_INDEX))
. . . o . 44 l 431 269091 - return woutH [r+AC WN ROW/2][c+AC WN COL/2];
* |ntegration with Test/Verification Plan | ' e S e
43

@ + { return woutH [r]l[c]; }

Synthesize the HLS C++

ac window 2d stream<dType,K SZ,K SZ,NROW,NCOL,BC MODE> window; ° SpeC|fy IP template parameters Mapping Constraints
ac flags gen<NROW NCOL> flags, _ _
* Pixel Data Type = & sobel ,
FRAME . dO{ ] Lj Interface Iteration Count: |
if (window.canRead () )data in = input.read(); ° Image Size ig constant Arrays Hunrol
- . : S — " tPartial: |
| | e Window Size C ey
flags.generate(data in.TUSER, data in.TLAST,6sof,eof,sol,eo0l); o = & for (1l=1) @Pipeline
window.slide window(data in,sof,eof,sol,eo0l); e Bounda ry Condition + & forsfor (I1=1) Initiation Interval: |
° . . . . . Stall Mode: stall
1 (window. isvalid () { Specify Synthesis constraints/directives I
KERNEL Y:for(int i=0;i<K SZ;i++) {

* Latency and Throughput

KERNEL X:for(int j=0;]J)<K SZ;]j++) {

acc += window[i][j] * kernel[i][j]; * Interface Synthesis Scheduled Operations
} data out.write(acc); e Mem ory Interfaces DLnép gﬁfﬁ:ﬂmre} Scheduled Operations
}while (!window.eof) * Target Technology " col szio_readlcol szirsc.@) =
* HLS to create the RTL fororiacenn
Verify the Windowing IP over the various template parameters: +  Sanity check using existing C++ tb Z.”Jff,.-,:mﬁm,
Data Type, Kernel Size, Image Size and Boundary Condition repemEE

Develop Stimulus & Test Plan

Define Portable Stimulus

Rule/graph based stimulus model , 1.  SLEC “Advisor” points to non-converging code
* Variables, constraints, sequences fill(td)  Addresses the “all or nothing” l
* Coverage strategy prioritizes goals — problem in formal flows Catapult BN
. . P { — = '[ P High-Level Synthesis St Formal Verification
* Coverpoints, crosses, scenarios e  Full proof vs. bounded proof

* Improved coverage vs. directed or random

Model is independent of environment
 Can be wrapped in C++, SystemC, SV, etc.
 Maintain random stability between environments

e 2-D property Checking

* Un-initialized memory reads

* QOut of bounds array reads and write
/  Accumulator of native C type

fill(td2) fill(td3)

infact_checkcov

Create Test Plan

 Sections and Entries derived from Requirements or Product Specification Su mma ry
* Links to desired cover items: CoverGroups, CoverPoints (bins), Crosses, etc. C++ Design IP efficiently verified and ready for (re-)use!

* Export XML to UCDB for merging with coverage results « IP creation and re-use important component of HLS

* Implemented in C++/SystemC
Section Title Description Link Type Weight |Goal Easil d effici Vi desired
[ ]
11 covergroup MyCCoverGroup 3 inst MyCCoverGroup_ 3,MyCCoverGroup 3 inst CoverGroup 0| 100 asl Yan _e ICIent_y mcprporate_ esire _leaT':;:M oo 5 o
r2 Image Size 1/ 100 fu nCtlonalltY/algonthm Into des'gn : CVPyI‘-1-_-,-CCch|'G|'lF;I.p_3 p Bo..  100.00% 100 100.00% N
F 5 . . . . . . . . CVP H:CCE:E:G:SP_E :p_c: 100.00% _:: 100.00% NN
r2.1 cpl covers Image Size MyCCoverGroup_ 3,MyCCoverGroup 3 inst:cp_ImageSize CoverPoint 1| 100 ° Verlfy these conflgurable |P blOCkS using trusted RTL methodologles : E:ESPI.‘;i-E,-CC-CSE|'(3.|Ec_L.Jp_-3P_|I:rc:: 100.00% 100 igggg:—
3 Buundaw Condition 11 100 = i«m Myt:t:wertsrduup 3 i;St 100.00% 0 100.00% N
F N . N . . . . . ".J CVP cp_BoundaryCondition 100.00% 100 1o00.00% D
r3.1 cp2 covers Boundary Cond MyCCoverGroup_3,MyCCoverGroup_3_inst:cp_BoundaryCondition CoverPoint 1| 100 * Yet realize prod UCthlty gains by using ﬁj::i IRz gg = 240422 1 10000% N
s data : : 1] 100 High-Level Verification (HLV) techniques o G nei ST ——
4.1 cp3 covers data range MyCCoverGroup 3,MyCCoverGroup 3 inst::cp_data CoverPoint 1| 100 = cn:rss ; ey p[zlpa 100.00% 100 100.00%
F « e o e o o T T N | ~B] bin <Fu RangeBlnl Poi... 1 1 100.00% NN
5 crosses 1) 100 * Providing for efficient verification at the C++ level R bl <FulRanaerini1Le > 1 100 o0 m—
5.1 cplXcp2Xcp3 cross of cpl cp2 cp3 MyCCoverGroup_3,MyCCoverGroup_ 3 inst:cross_cpl cp2 cp3 Cross 1/ 100
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