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Abstract --- In this paper an approach is presented for the the system using test programs executed by the PU. These test
hierarchical verification of the memory control units, I/O adapt- programs are often generated by advanced code generators
ers and processor interconnect units as found in multiprocessor ysing pseudo-random techniques[1, 2, 3]. The use of this
computer systems. It is shown how such units could be verified approach alone is no longer sufficient when the supporting
better and faster by the introduction of random executable tim- chips become more and more complex. Formal approaches
ing diagrams and associated CAD tool support. Furthermore, it have been proposed for verifying the supporting chips. For
is shown how the timing diagrams for the unit network verifica- le th dt th i f th ’ h
tion are easily derived from the timing diagrams specified for the example, (n€y are used to prove the Corre(_: ness o e_ Ca_c e
units. The multiprocessor hardware test showed the effectiveness UPdates and so on [4, 5]. However, the size of the circuits
of the proposed verification approach which can be handled by such approaches is still too limited.

' This paper is organized as follows: Section 2 reviews the
1. Introduction problem of verifying the_ bus controller ASI_Cs for our muIt_|—_
] . processor system. Section 3, presents the incremental verifica-

To keep pace with the processing performance growth ghn approach used to verify our ASICs. In Section 4, the
75% per year, not only the complexity of the processor URAD tools will be introduced as used for hierarchically speci-
(PU) with its caches will increase, but also that of the SUPPORing the timing diagrams followed by the execution of the
ing units, like processor interconnect units, memory contrghning diagrams, such that the design parts are verified by a
units and I/O adaptors. To reduce the time the PU walits f@{ontrolled” random simulation. In Section 5, the results are
data, many complex functions must be performed by Sughesented. Finally, in Section 6 our conclusions are given.
units. These chips for example have to: (1) buffer and arbitrate

incoming requests, (2) handle multiple outstanding (for exar®, \ferification of our Multiprocessor Systems
ple load/store) operations, (3) maintain the consistency and_. h he basi f th dul
coherency of the multi-level caches, (4) handle the comple Figure 1 shows the basic structure of the processor module

high speed bus protocols and so on. In the current muItipl%—the third generation IBM S/390 CMOS processors. These

cessor systems so many tasks have been added to the SupBB)rg_ules form the processor core of the “IBM S/390 Parallel
ing units that it becomes a very challenging and timd=nterprise Server - Generation 3" and the “IBM S/390 Multi-
consuming task to verify the overall logic behavior of theserise 2000 systems. These systems are the successors to our
units. While faults in the PU can often be circumvented hgrevious water-cooled high-end mainframes[6].
microcode, such is generally not possible for these supporting
units. Therefore, it is vital for the time-to-market and develop-/==—
ment cost of the complete project that such chips are fully]
operational from first silicon.

A number of verification approaches have been proposec
for the verification of multiprocessor systems. Widespread is
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Our multiprocessor systems are bullt out of 2..12 PUs, assmn) IS no longer feasible. Note turther that the execution of
ciated secondary caches (L2), processor interconnect urgtsthese test cases in the system model would be very slow
(Bus Switching Networks, BSN), I/O adaptor units (Memorylue to the increased size of the system model. Therefore, a
Bus Adapter, MBA) and memory cards (Storage Controllenew verification method was needed which could provides us
STC). with a high quality and high-speed verification of overall

In our previous multiprocessor systems we used the tradlinctionality of the supporting units, without the overhead of
tional late stage functional verification approach which weagenerating the verification stimuli via the PU/L2 units.
preceeded by “unit simulation”, verifying more complex units
separately. The late stage verification tested the communi&-The Verification Approach

tion between the units and the overall logic behavior of the 5 previously mentioned, the basic problem of verifying
units by executing test programs (called “test cases”) in e, s pnorting units is, that “a limited number of commands

was a relatively simple switching network and the desigi,ches control/data bits can generate a huge number of differ-

changes in the STC and MBA were minimized through re-Uge execution scenarios and cache/memory update scenarios”.

of large parts from our first generation CMOS designs. e following approach can provide a solution when writing a
Such a re-use did not lead to twice the performance in e -aqe for each such possible scenario is no longer feasible:

case of our third generation systems. This is because the menb Write a test case for each basic commabdring this
ories become larger and do not decrease access time in the step the input and output patterns are given for each

same ratio as the logic chips. Therefore, all supporting units -~ command. In our case the basic commands are
had to be completely redesigned. A shared L3 Cache was «qich data from memory”, “store data to memory”,
added to the BSN and the protocol had to be re-specified 0 «gi0r0 cache line & fetch memory line into cache”,
handle the consistency and coherency of the multi-level o1 qata from cache via cast-out” etc.

caches. Furthermore, many sophisticated bus/cache line inter2) Select randomly when each test case is started during
leaving schemes were added to reach the required data trans- (o simulation:This step creates a random test program
fer bandwidth on each interface. How the complexity of the
supporting units grew, compared to the PU, is indicated in
Table 1. The “ratio” numbers give the factor of increase
between the second and third generation systems. The “Ran- chip interface is enabled.

dom Logic Complex Gates”, in particular, gives a good indi- o example, in Figure 2 test case 1 describes a “fetch data

cation of the complexity increase of the supporting chips iny,, memory” and test case 2 describes a “store data to mem-
relation to the PU. »

for the simulation. By permitting that several of the
basic commands may be active at the same time, the
occurrence of very complex traffic situations on each

ory”.
ification: cycles
Chip Pin Ral_r;‘;?cm Gate. Specification 1 2. Y
#Transistors | Size Pins Incr. Incr. 1. fetch data
fetch
(mm) Ratio Complex Ratio from memm _ _ fetch data
Gates
2. store data store
PU 7.185512| 146 | 744 | 1.7 | 164.056| 18 Store da sore [ sioredata
BSN | 16.617.686| 14.6 758 1.8 68.176| 8.9
v Test Cases
STC 995.690 | 12.7 737 1.6 58.847| 1.9 :
MBA | 3607715 155 | 770 | 1.6 | 206.037| 6.0 Random Selection
. . Simulation
Table 1. Chip Characteristics
Results: ¥ Cycle trace
[ i fetch Store
The new features of tightly coupled complex mterface%ata_bus_(l) e L ertch data| omd |store data]_

between units make it no longer feasible to sufficiently verify OR
the overall behavior of the units by simply executing test :
ata_bus: (2)]fetch U store | store data fetch dataL
OR ...

cases in the PU. The added functions in the support units ad cmd

the higher speed protocols resulted in a much larger number of
overall multiprocessor machine states. Fig. 2. Creating complex traffic from simple test cases.

The basic difficulty of verifying the supporting units is, that The random selection process decides how both test cases
a limited number of commands which store/fetch data frogye started in relation to each other. This leads to an outcome
the memory and update the caches control/data bits can geggsy (1) both commands are executed one after another or that
ate a huge number of different execution sequences and cagbghne store command is executed between the start of the
memory update scenarios. Due to the required bandwiGich command and the return of the fetch data from memory.
between PU, memory and I/O, all or multiple chip ports mayote that the number of cycles between the start of the fetch
be active at the same time and all ports may execute one;ff the start of the store command has to be varied before it
more (interleaving) different commands. Writing test cases fggn pe concluded that the protocol is implemented correctly,
all these different scenarios (to verify the behavior by simulajnce it must be verified that fetch data is not returned during



the store aata transter. So with just two simple commanas sevdihe BSN Inputs and outputs which are needed to execute
eral scenarios exist. The number of scenarios even increaskis, command are given in Figure 3(a). In Figure 3(b) the sig-
when the number of cycles between a fetch command and tie@ names preceeded by “I:” specify how the input and bi-
return of fetch data is not fixed. This may be caused byd&ectional port have to be set at the beginning of each cycle,
DRAM refresh, or by ‘shared’ or ‘exclusive’ states of data itthe signal names preceeded by “O:” specify the state of the
the L3 cache. Furthermore, faults like parity errors, uncorreattput signals at the end of the clock cycle. For a bidirectional
able memory errors and protection errors may be reported fars (“mba_bus” and “stc_bus”) the input row “I:" specifies
each command further, increasing the number of scenarios.when the bus has to be driven and the output row “O:” when

When using such a random approach it is never guaranteled data on the bus has to be verified. In the timing diagram of
that all complex traffic scenarios of interest will really be covEjgure 3 there are two special cycles *Clhand “C6™

ered. However, with the help of fault coverage analysis toadpressing a “recurring cycle” with associated waiting condi-
and control parameters for the random selection process ##s. For example, to start the execution of a “fetch data”
probability can be increased to a very high level. command first the “req_mba” has to be raised. The state of all
During the development of the second generation SIB%(‘Q:)ner signals except the “grant_mba” is “don’t care” since
CMOS processor chips we used such a random approachyiibther operation may be going on. Next, it will take an
the unit simulation for the MBA. Thereby, the test cases, ghknown number of cycles before the BSN unit will allow the
well as the randomizer, were implemented with help of & &art of the command by a “grant_mba” pulse. Therefore, the
like behavioral modelling language. However, it was foungming diagram state will remain in “C1” until the condition
that such a behavioral model (coded by C or some other Prgrant_mba = 1” has been fulfilled.
gramming language) has the disadvantage that the behaviorglfier the request has been granted, the command data has
model code is hard to re-use for testing the communicatigf pe driven onto the bidirectional “mba_bus”. This is done by
between the units and that the randomizer is written newly g&”ing a small C program as given by “%@his C program

each of the behavioral models due to the restrictions Whﬁ[]ts the data onto the “mba_bus” and later on the caly™%c

commands may start. Furthermore, such a model Is quite COftqo oyt the correct command data has arrived at the
plex and hard to debug. Therefore, another method will ngtc bus”

proposed for entering the test cases and for controlling the — : “ ”
randomizing process. In the same manner, fetch data is put on the “stc_bus” by

. ) ” . H “ ” 3
The design of the protocols is usually started by specifyincgalllng %d” and the arrival of this data at the *mba_bus” is

them in the form of timing diagrams. On the system leveYerified by the call “%g'. When the data is put on the
timing diagrams specify in an easy to comprehend manner tfgis_stc”, it is accompanied by an active “xfer_stc” to tell
timing of the commands on the interfaces of each unit. Thubat valid data is on the “stc_bus”. Finally, by the predefined
our preferred manner for specifying test cases was the usdi@fing, for “xfer_mba” it is verified that the “xfer_mba” fol-
timing diagrams. An example of how a test case for the BIRWs the “xfer_stc” signal with a one cycle delay.

unit can be specified as a timing diagram is illustrated in Fig- Once we have specified the timing of a command for the

ure 3 by the timing diagram of a “fetch data from memory”. Simulation of an unit, it is basically very easy to convert such
a test case into a test case for the simulation of a connected

@ BSN unit. For example, once we have the “fetch data” test case for
req_mba —pmipoy RSN [ cmd_stc the BSN as shown in Figure 3(b), we can construct the test
grant_mba -&— ; ; .

‘ b - - case for the STC simulation by:
XIer_Mba  ¢— MBA STC |-a— xfer_stc 1) deleting the “mba_* and “*_mba” signals and some col-
MDA_DUS e POTS POIS e stC_PUS umns
(b)[0'31] [0:31] 2) replacing “I:" by “O:” and “O:" by “I.” and
cO0 cfc2 c3 c4 c5 cf c7 c8 c9 c10clil 3) replacing the calls (or a parameter which defines the bus
—] on which the data has to be written or verified) and mod-
I: req_mba - ifying the conditions.
O:grant_mba | [ In Figure 4 the resulting timing diagram for the STC simu-
l:cmd_stc X L lation is given. The “%é& call now puts data into a memory
I: mba bus | x T e X line and is called by introducing a “dummy” signal (i.e. signal
o: stc_bus X %G, not present in the circuit). Furthermore, another parameter is
T associated with the “%ficall (not shown in the Figure) such
O: xfer_stc | x 1 .
_ %a%%d, that the called C program knows that it has to check the data
l'stc_bus | X | poooooooog |TPRAERG - on the “stc_bus” instead of the “mba_bus”.
I: xfer_mba | X S I S After the timing diagrams for the units have been con-
O:mba bug X| }--------- - - -%6d§06dg6dX structed, they are used to verify each unit during simulations.
* Conditions:C1: Loop till grant_mba = 1 In our bottom-up hierarchical verification approach, the verifi-
C6: wait random 7..20 cycles cation will next continue by verifying the network of con-

Fig. 3. (a) Part of BSN and (b) timing diagram for “fetch data. nected units. Thereby, re-use is made of the timing diagrams



of the units. In other words, the timing diagrams for the largealue assigned to a variable Is known In all timing diagrams
network are defined making simple changes to the timing diand can for example be used to control the duration of a recur-
grams for the units. Note that once we have written amthg cycle such that a timing diagram waits until another tim-
debugged the C routine for the calls in the unit simulation ttieg diagram has entered a specific cycle.

C routines for the overall simulation are the same except forThe content of the cell on the intersection of a row and a
the signal names on which the data occurs/is checked. In solumn determines the value of the signal or variable in that
approach the signal names are therefore simply made knogytle. In this cell, a value, an equation, a call to a C routine, or
to the C program by calling the routine with a parameter “don’t care” condition can be specified.

which defines the bus. In TIMEDIAG a so-called “limiter”, is used to control the

(a) cmd ste—a start of each timing diagram during the simulation. Using the

- “limiter” it can be (and has to be) prevented that two timing
xfer_stc gl STC MEM diagrams require to set the same input signal to opposite val-

StC DUS ues. For example, if the “fetch data” timing diagram and

[0:31] “store data” timing diagram use the same signals then the lim-
®) iter must prevent that both timing diagrams set the same sig-

cO c1 c2 c3c4 cb 6 c7 nal at the same time.

l:emd_stc |1 Each limiter consists of a boolean equation which must
I:stc_bus |%q | | X evaluate to “true” before the timing diagram can be started.

I: dummy | %e ]lc:urthermcf)re, thletlinlwiter col;}tains a variarl]ble field :)?r the speci-

) — ication of a global variable name. This variable is incre-
O..xfer_stc 060d%d%d X mented when GENRAND selects the timing diagram to start
O:stc_bus|-------- bagodged, and it is decremented when the timing diagram execution is
* Conditions: C3: Loop till xfer_stc = 1 ended. The simultaneous execution of the “store data and

- — - - “fetch data” timing diagrams can now be prevented as fol-
Fig. 4. (a) STC/MEM and (b) timing diagram for “fetch data”. lows. In both timing diagrams the use of the same variable for

So far, we only discussed how we specify each Comm(.j}m:rement/d_ecrer_nent is specified. For example, _Iets us assume
by the use (and re-use) of timing diagrams. As discusskipt the variable is called “portO_b_us_y”. ThIS vanz_able is set to
before, to actually verify each unit and the network of unitst” @S S00n as the fetch or store timing diagram is selected to
the timing diagrams have to be randomly started such irfhg started. If the limiter equation of ea_ch_ t|m|n_g diagram is set
complex traffic situations are created from the simple timin§ “POrt0_busy < 1" then no other timing diagram can be
diagrams we just defined. How this is done will be discussétf'ted before the active fetch or store timing diagram has
in the next section by introducing the CAD tools for enterin§nded.

the timing diagrams and for executing them randomly. 4.2 The GENRAND Simulation Environment

4. CAD Tools The structure of the simulation environment is shown in
Figure 5.

We used an IBM CAD tool called TIMEDIAG which pro-

vides the possibility to enter simple test cases in the form of TIMEDIAG

timing diagrams. Furthermore, a tool called GENRAND was

used which enables the random execution of timing diagrams C routi Timing
routinesm i

specified using TIMEDIAG. These tools were basically devel- Diagrams

oped to ease the verification of interface logic. However we Traces & defs.

used them for the verification of our large chips. The problem @‘ moni{ GEN-
of using timing diagrams without supporting C programs is, tor | RAND
that the number of signals which have to be specified becomegimmaﬁon@_>

large (especially for data busses) and it becomes very time- Model
consuming to construct the timing diagrams. However, witkig. 5. GENRAND simulation environment.

the introduction of calls to C routines, implementing data gen- o . . .
eration and data verification on the complex busses, we found! "€ timing diagrams created with TIMEDIAG are stored in

that we could use the same tools for the verification of Veﬁ/database. Together with the compiled C routines for the calls
large chips and even subsystems. in the timing diagrams this database is the input for GEN-

RAND. It provides a graphical interface for the selection of:
4.1 TIMEDIAG * the set of timing diagrams to be executed
TIMEDIAG is a graphical editor to create or modify timing* @ timing diagram start probabilitytSENRAND tries to start
diagrams. The timing diagrams have the structure of a spread?€ timing diagram every cycle when setting the probability
sheet as shown in Figure 3(b). Signals and variables are spef‘:@- 100%. ) _
fied in rows and cycles in columns. Variables are glob&/@ S€€d numberthe seed number is generated automatically
variables in the sense of a programming language like C. Thand it forms the starting point for the randomizer. The seed

simulator




nunmoer Wil be enterd manuay IT a smulaton runnas to 4) Misc. proceduresihese tunctions control the behavior

be recreated, for example, to verify that the logic fault found  of the memory model with respect to access time,

by a particular simulation has been corrected in the design. refresh rate and so on.
* run time control;for the selection of the number of cycles For our unit simulation a total of 24 different C routines
which have to be simulated and so on. have been implemented.

GENRAND acts as a simulation driver for our simulator, For the MBA, eight basic timing diagrams needed to be cre-
randomly starts timing diagrams and checks the outcome atkd. After these basic timing diagrams were running, the tim-
the execution. In case GENRAND detects an error, controliisg diagrams were copied and error handling (parity errors,
passed to the monitor, which controls the output of trace filescorrectable memory errors and so on) was added. A total of
and enables viewing of the state of all signals in the simul29 timing diagrams resulted. These 29 timing diagrams were
tion model. Furthermore, GENRAND writes into a result filall translated into timing diagrams for the BSN, MBA and
the characteristics of each simulation such as the numberSiC subsystem model. For the BSN, only the command
times a timing diagram was started, which timing diagramsarted by the PU/L2 units was modelled, since timing dia-
were concurrently active and so on. grams of the MBA ports could easily be converted from tim-

. ing diagrams discussed previously for MBA unit simulation.
4.3 C Routines gFor tghe BSN, twenty Easic timyi/ng diagrams needed to be

In addition to the routines implementing the calls in thereated in order to cover the 41 commands in our system.
timing diagrams, a number of other small programs were writiote that many different operation codes have the same basic
ten for trace file analysis and for copying and (hierarchicallyjming and therefore we can simply randomly select the oper-
modifying timing diagrams. For example, a small conversiogtion code when the command is put onto the bus by calling a
program was written which translates the timing diagram routine. Inserting “error handling” and generating the tim-
defined for a specific PU/L2 port of the BSN unit into the timing diagrams for other PU/L2 ports, resulted in a total of 61

ing diagram for all other PU/L2 ports. timing diagrams. All timings check the predicted data, L3
cache states and the compliance with the expected protocol.
5. Results The basic timing diagrams for the STC were composed by

extracting them from the BSN/MBA timing diagrams. 22 tim-
_ing diagrams were needed.

As indicated in previous sections, we started by creatingThe gverall time which was needed for the creation and the
timing diagrams for the MBA, BSN and the memory cardiepyg of these timing diagrams, as well as the units, was
(STC unit and behavioral model for memory bank) such thgh, ¢ three months. This is very fast in comparison to the ran-
each unit could be simulated separately by unit simulatiogey, approach used for the MBA in our second generation

The MBA was only partially included since many of its partgystem. In the latter case, it took 6 months before our MBA
could be covered by the models developed for the randQ{fit simulation was running stable.

MBA unit simulation in our second generation system. To _ _ _
perform the unit simulation all C routines which were calle®.2 Running the Simulation

by the timing diagrams were written. There are 4 different The simulation was run on RS/6000 workstations. At the
classes of these C routines: start of the verification, each unit simulation was done on a
1) Procedures to drive data and check data on the bussegparate workstation. During the final regression runs, we
These routines were written such that the names of thiged 6 workstations to obtain the number of simulation cycles
buses were defined globally and that a parameter spaghich gave us confidence, that the design contained no logic

fies, on which bus the data has to be driven or verifieghyits in all logic essential for the hardware test of our multi-
The introduction of such a parameter circumvents thgocessor system. The unit simulation reached a performance
repeated use of signal names for busses and makesdh&o cycles/second. This was a factor of 5 faster than when
routines modular. The use of the same routine for th@mulating the units connected together which ran at 2 cycles/
simulation of another unit only requires the modificatioRecond. Note that this is still significantly faster as our tradi-

of the parameter. tional late stage simulation where the performance was lim-
2) Procedures to set and check the L3 Cache containedjigd to 0.25 cycle/second.

the BSNWith these routines, the L3 Cache data and the Fyrthermore, when comparing the traces of our simulation

cache control bits can be set. Furthermore, these rapjith the traditional simulation, it was found that the number
tines are used to check if L3 Cache lines are loaded a@ﬂcommands which was executed in the same number of
the control bits set correctly. cycles was about a factor of 10 more. This results in a much
3) Procedures to access the behavior model for thggher fault coverage, since the supporting units are “stressed”
DRAMs;Data in main memory and in the keystore array, 5 way which was seldom achieved by the generated verifi-
can be set or checked by using these functions. Furthggtion code as executed by the PUs. Hence, to reach the same
more, these routines generate the error conditions whigdyit coverage with the traditional functional verification
can be reported by the memory, like “correctable mempproach we would have needed more than a hundred work-

" ow ”oou

ory errors”, “uncorrectable memory errors”, “key pro-stations.
tection error” and so on.

5.1 Creating the Timing Diagrams and C routines



5.3 Veriiication Quality complicated since many routines had to be ready betore the

The effectiveness of the presented simulation approach warification could start. _
proven during the real hardware multi-processor system veliBetter vgpﬁcanon of protocols as the state of a signal has to
fication. Although the complexity of the BSN grew by a factor P€ SPecified cycle by cycle;a TIMEDIAG spreadsheet, the
of 8.9, the number of problems found in the hardware on thstate of each S|gnal has to be.specmed for each cycle. In the
test floor was the same as in the predecessor machine. OnlyP3@st: the behavioral model did not completely test for the
minor problems showed up in first silicon, which could haveState of the output signals, due to the amount of extra code

been found by more unit simulation. For the part of the MBAN€€ded to implement such features. o
logic which was included into our model MBA, only a single Re-use of the timing diagrarince we had the timing dia-
problem was found. This problem was easily circumvented byrams for a particular model, the timing diagrams for
setting the counter for a specific window to a particular value@nOther simulation model were created by modifying the
Finally, 3 STC problems were discovered. Two of these wer&XiSting timing diagrams. Such a re-use was not possible in
caused by an incomplete modelling of the DRAMs and therePrevious projects, because a program written for a specific
fore could not be discovered by our simulation. This is alntérface requires an overall modification of the program
reduction of 60 percent as compared to the previous system.Pefore it is suited to drive another interface.

These problems did not seriously hamper system test. Alffierarchical and incrementalfhe use of the approach pre-
problems were fixed by using spare gates on the chip and Wiﬁented here enabled us to start the verlflcatlon fpr small
ing to existing gates (metallization change only). Hence, nd'Nits- It enabled a fast debug of the logic, the timing dia-
new silicon had to be produced and only masks for the metdlf@ms and the C routines which were called. In previous
layers had to be changed. The overall result was a 6 monfiPProaches we directly started to verify relative large circuit

period between first-silicon and first customer shipment. parts since it was too time consuming to write a (not to re-
use) program stimulating each interface.

5.4 Advantages of the Approach

We found that the timing diagram based approach has maﬁi,yConclusmns

advantages compared to our previous approach, were the tesh this paper, we presented a new approach which uses ran-

cases and the randomizer were implemented by writing magbmly executable timing diagrams for the hierarchical verifi-

els (in a C like programming language) for each interface: cation of supporting units between processor, memory and I/O

« Timing diagrams result in a precise and easy to read specifhannels. The use of timing diagrams has the advantage that
cation; The use of timing diagrams in contrast to implementhey are a precise and an easy to read specification. The pre-
ing the same behavior by using a programming language lisented approach supports (and is restricted to) the verification
C is that the timing diagrams are a much easier to compesf-units in which the verification complexity is caused by the
hend specification. Also in previous projects timing diaconcurrent execution of many relatively simple commands (or
grams were used to specify the protocol for the commari¢hing diagrams). We found that timing diagrams constructed
execution of the supporting units. So the effort to convert ther a unit could easily be re-used for the verification of con-
timing diagram specification into models which randomliyiected units, as well as the overall network, when calls to C
stimulate each interface is no longer needed. routines were introduced for driving and verifying data bus-

* Specification can be executed and remains up-to-d&te; ses. With this approach, only three months were needed for
entering the timing diagrams with the help of TIMEDIAGverification and a much better fault coverage was reached than
each timing diagram can be directly used for verificatiofor previous systems. As a result of the better and faster verifi-
Using the specification for verification of the logic behaviogation approach, no new silicon had to be produced and the
keeps the specification up-to-date during the whole projeckystem could already be shipped six months after first-silicon.

» The randomizer is now a part of the GENRAND ttothe @eferences

past each behavior model had its own code for generati ) , L
random patterns for the simulation. This is no longer need A Aharon et. al. Test Program Generation for l_:unct|onal Verifi-
. cation of PowerPC Processors in IBRroceedings 32th ACM/
in the approach presented. o ) IEEE Design Automation Conference, 1995.

* Several p_ersons can Cref"‘j[e and debug timing (_jlagrams f@f A. Hosseini, et. al.Code Generation and Analysis for the Func-
the same interfacefhe writing of programs for stimulating * ~ tional Verification of Microprocessor®roceedings 33th ACM/
an interface often has to be done by a single person, since hgegE Design Automation Conference, 1996.
is the only one who understands the main structure and paj$irA. Chandra et. alAVPGEN-A Test Generator for Architecture
tioning of his program. Especially in the case of faults, the Verification IEEE Trans. on Very Large Scale Integration
programmer is the only one who can correct his program. In (VLSI) Systems, June 1995, pp. 188-200.
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