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omAbstra
tThis paper presents TACOS, a Testability Allo
ationand Control System. TACOS is a synthesis for testa-bility environment whi
h 
omponents 
an be integratedinto a high-level synthesis 
ow. It transforms aVHDL RTL des
ription of a data-path into its testableequivalent, supporting three testability methods: testpoint insertion, S
an and BIST. It also generates atest 
ontroller des
ription, to be synthesized in the�nal 
ir
uit.Keywords: Synthesis For Testability, High-LevelDFT, Test Control1 Introdu
tionTACOS is a tool-box, to be used by a designer in
onjun
tion with a high-level synthesis system. Apartfrom its intera
tivity and versatility, this set of tool-s allows a high 
exibility in its use, sin
e it imposesneither a given testability methodology nor given teststru
ture implementations. This paper details TACOSmain 
omponents ans its use in 
onjun
tion with aHLS system.2 IDAT moduleThe IDAT tool is the 
ore of TACOS. It is able to mod-ify a data-path ar
hite
ture, des
ribed in the VHDLformat, making it testable either by test point inser-tion or by allo
ation of S
an [3℄ or BIST [2℄ stru
turesinto the data-path, a

ording to the user requirements.�This work has been partly supported by MEDEA-SMTProje
t, by a grant from the Grant Agen
y of Cze
h Repub-li
, 
ontra
t No. 102/98/1463 and by ON Semi
ondu
tor Cze
hDesign Center in Ro�znov p/R.yCorresponding author

3 Dynami
 library of FUsIDAT makes use of a library, whi
h provides testablefun
tional units (FU) when they are available, as wellas additional test stru
tures. Some of these 
ompo-nents are stati
 or �xed, but most of them are dynam-i
ally generated a

ording to a parameterized des
rip-tion provided by IDAT.Our 
hoi
e is that IDAT should equally a

ess toall these sorts of elements, by formulating a requestdetermining the fun
tionality and interfa
ing param-eters of a given FU. IDAT should then be providedba
k with a des
ription of the desired 
omponents inVHDL format.The dynami
 library is then organized as adatabase: an interfa
e interprets a textual request anddispat
hes it to 
onne
ted tools, running logi
 synthe-sis if ne
essary (to extra
t design 
hara
teristi
s likearea, propagation delays, et
.) and 
onverting the re-sults in VHDL format. This interfa
e also allows theuse of estimators, whi
h 
an be an alternative to run-ning logi
 synthesis tools: for most of the dynami

omponents, mathemati
 formulas have been devel-oped to estimate design 
hara
teristi
s, saving thusCPU time.3.1 BSG moduleWhen BIST methodology is fo
used, the 
onstraintwe have put is that a single TPG and a single TRCshould be shared by all non-BIST FUs. Consequent-ly, the TPG (resp. TRC) should be able to generate(resp. analyze) variable width data However, sin
e I-DAT operates at the RT-Level, the set of bit-widthvalues of the FUs to 
onsider is known and limited, al-lowing to avoid the de�nition of area-
onsuming fullyre
on�gurable test stru
tures.A BIST Stru
ture Generator (BSG) has been de-



veloped and in
luded in the dynami
 library. As astarting point, the BSG allows the generation of re
on-�gurable Linear Feedba
k Shift Registers (LFSR) andMultiple Inputs Signature Registers (MISR). These el-ements are used in 
onjun
tion with multiplexers, par-allel/serial 
onverters, ROMs and 
omparators to de-�ne more 
omplex TPG and TRC.4 TesS moduleIn addition to the area overhead and the testability de-gree, IDAT takes into a

ount test time indu
ed by thegenerated testable ar
hite
ture. This test time shouldbe estimated in terms of number of 
lo
k 
y
les need-ed to rea
h an a

eptable fault 
overage using a giv-en testability methodology and the test stru
tures im-plementing it. This 
omputation requires a dynami
analysis of the data-path ar
hite
ture, and a spe
i�
tool is 
urrently under development to meet this obje
-tive. The Test S
heduler (TesS) is hen
e in 
harge oftwo fun
tions: test time estimation (running TesS 
on-
urrently with IDAT), and test plan generation (afterIDAT 
ompletion), to be synthesized as the test 
on-troller of the �nal 
ir
uit.5 TACOS integrationTACOS is now being integrated into a HLS systemnamed UGH (User-Guided High Level Synthesis) [1℄,whi
h is 
urrently under development in our laborato-ry, in the framework of the European proje
t ESPRITCOSY/OMI. UGH is an intera
tive HLS system for
ontrol-dominated 
o-pro
essors, whi
h target ar
hi-te
ture is made up of a data-path 
ontrolled by a Fi-nite State Ma
hine (FSM).The behavioral VHDL des
ription is binded to adata-path template by CGS (Coarse Grain S
hedul-ing), generating a 
oarse grain 
ontroller (the FSM)and spe
ifying a fully fun
tional data-path. The ob-tained data-path is mapped on a physi
ally 
hara
ter-ized target 
ell library, and the optimized 
ontrolleris obtained by res
heduling the 
oarse grain FSM intoFGS (Fine Grain S
heduling), taking into a

ount theuser spe
i�ed target 
lo
k period and the data-pathdelays extra
ted from the physi
al 
ells.Thanks to its modularity, TACOS 
an perfe
tly beintegrated into UGH synthesis 
ow a

ording to �gure1: IDAT produ
es a testable version of the fully spe
i-�ed data-path ; the test 
ontroller generation happensafter the fon
tionnal 
ontroller has been optimised (itwill be also tested). The obtained test 
ontroller 
anthen be optimised by FGS as well.
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Figure 1: TACOS integration into UGH6 Con
lusionTACOS allows to insert automati
ally test stru
tures,relying on DFT reuse. This paper des
ribed brie
yits 
omponents and an appli
ation into a HLS systemthat originally did not take testability into a

ount.Further developments will be dire
ted to test time e-valuation and test plan generation.Referen
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