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Workshop on Data Acquisition and Trigger System 
Simulations for High Energy Physics 

Wednesday, 22-April-92 

5:00 - 7:00 pm, reception and registration, Cafeteria, SSCL 

Thursday, 23-April-92 

8:30- 9:00 coffee and registration, main lobby, SSCL 

9:00-10:30 Morning Session 

(10 minutes) Workshop Overview, Cas Milner, SSCL 

(45) A Tool for Understanding Data Acquisition Systems, A. W. Booth, M. 
Botlo, J. Dorenbosch, R. ldate, V. Kapoor, C. Milner, V. Raj, C. C. Wang, E. Wang, SSCL 

At the Superconducting Super Collider a tool for studying the behavior of data acquisition 
systems has been developed. It is based on the MODSIM II object-oriented programming 
language. The tool allows system designers to evaluate alternative DAO architectures in 
terms of deadtime, throughput and buffer usage etc. The user can specify dynamically 
the number of chips, the size of buffers, the amount of processing time, as well as the 
bandwidth of the links, etc., for various interconnection topologies. The type of input 
data is also user selectable, e.g. fixed-size, GEANT extracted, zero-suppressed or not, or 
random, according to a number of probability distributions. A network of Data 
Collection Circuits (DCC's) has been used as a test case for the tool, where "push" and 
"pull" control strategies have been compared. 

(30) Simulations of the Data Collection Circuit for the SOC Straw 
Tracker, A. Holscher, G.Stairs, P.K.Slnervo, University of Toronto 

A VERILOG model for the front end readout of the SOC Straw Tube Tracker system is 
presented. The model investigates the buffer and bandwidth requirements on the front 
end card and on the carte interface card, which is housed outside the detector. 
Furthermore the required pipeline lengths for the L 1 and L2 buffer are presented. 

10:30-10:45 Break 

10:45-12:15 Morning Session Continued 

(30) Simulation of Non-Blocking Data Acquisition Architectures.Richard 
Partridge, Brown University 

A generic simulation model has been developed to study the throughput and deadtime for a 
broad class of data acquisition architectures using the VERILOG simulation language. The 
results should be applicable to any non-blocking architecture where the throughput 
between a particular source and destination is not affected by the data rate among other 
sources and destinations. The effect of varying various parameters in the model is 
studied in terms of event throughput and deadtime. 



(30) Deadtlme Studies of the SOC Data Collection Circuit, Eric Hughes, 
University of Illinois 

The SOC (Solenoidal Detector Collaboration) Data Collection Chip (DCC) reads data from 
the Front Ends (FEs) of the different detector subsystems. The DCC assembles event 
information from a number of input channels, so a non-overlapping tree structure of 
DCCs can be used to build appropriately-sized event fragments. We will present 
modeling and simulation studies which examine the effect of DCC design parameters on 
the deadtime of the detector. In the first study, three possible architectures of the DCC 
are examined in detail, each of which uses a different protocol for communication. The 
relative effects of trigger throttling and data loss are examined. In the second study, a 
configurable model of the DCC is developed. This model is used to construct trees of 
DCCs. The results demonstrate the feasibility of a parameteric DCC model for the SOC 
DAO. The DCC design can accomodate different data formats and data rates, and is 
appropriate for a variety of detector subsystems. 

(30) Correlation Studies of the Data Collection Circuit, George Tharakan, 
University of Illinois 

The SOC (Solenoidal Detector Collaboration) Data Collection Chip (DCC) is responsible 
for reading out the Front Ends (FEs) of the different detector subsystems. One concern 
with the DCC design model is the interdependence of input data. We have studied the 
effect of input data correlation on buffer requirements for the DCC. The result suggests 
a simple linear relationship between the correlation of data on input channels and the 
buffer space needed for normal operation. This implies that physics motivated stimuli 
(e.g., Monte Carlo generated events) will be necessary for reliable DCC simulations. 
Another problem with the present state of the DCC design Is a lack of candidate 
implementations and prototypes, which would be useful for upcoming test Installations. 
We will present some preliminary implementations and discuss a collaborative effort 
with a FE design group. One goal of this collaboration is to ensure the feasibility of the 
DCC design. 

12:15- 2:00 Lunch 

2:00- 3:30 Afternoon Session 

(45) Efficient Data Transmission from Silicon-Wafer Strip Detectors, 
Klaus S. Lackner, Los Alamos National Laboratory 

An architecture for on-wafer processing is proposed for central silicon-strip tracker 
systems as they are currently designed for high energy physics experiments at the SSC. 
The data compression achievable with on-wafer processing would make It possible to 
transmit all data generated to the outside of the detector system. The band-width 
requirements are obtained from simple numerical simulations of the wafer occupancy. A 
set of data which completely describes the state of the wafer for low occupancy events 
and which contains important statistical information for more complex events can be 
transmitted immediately. This information could be used in early trigger decisions. 
Additional data packages which complete the description of the state of the wafer vary in 
size and are sent through a second channel. By buffering this channel the required 
bandwidth can be kept far below the peak data rates which occur in rare but interesting 
events. 
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(45) Simulation of SCI Protocols In MODSIM§, Andre Bogaerts, CERN 

Modern system design relies more and more on computer modelling and the Scalable 
Coherent Interface (SCI) is no exception. Different tools are used to simulate different 
aspects. The standard is defined by the IEEE as executable C-code, which allows 
conformance verification. VERILOG has been used by Dolphin Server Technology (Oslo, 
Norway) to design the SCI •node chip• interface. The behavioural simulation of the node 
chip in VERILOG has been cross checked against results obtained from the IEEE C-code 
using identical stimuli. The latter required a multi-thread environment which was 
provided by the SUN/SPARC implementation of •light weight processes•. The Department 
of Informatics of the University of Oslo has used models written in both SIMULA and C++ 
to model small SCI based systems. At CERN we have used ModSim II to model large ( > 
1000 nodes) SCI based Data Acquisition Systems for LHC. The model simulates 
accurately SCI protocols at the packet level. Since SCI packets vary in size, the 
simulation is necessarily asynchronous with a typical time resolution of - 50 ns (the 
average packet length at transmission speeds of one Gbyte/s). The simulation program 
(SCIMP, SCI Modelling Program) typically calculates the traffic on SCI interconnects, 
the flow of data in and out processors or memories in a network consisting of SCI rings 
and interconnects. The model takes into account SCI protocols for bandwidth allocation 
(roughly the equivalent of arbitration in bus based systems) and retransmission of 
packets to overloaded SCI memories or processors. Recently, work has started to include 
cache coherency in the simulation. 

The different simulations are complementary. SCIMP does not simulate the 
content of packets which are exchanged between SCI nodes, although it could easily be 
extended to do this. It does not simulate the exact details of how the hardware emits or 
strips symbols of the interconnect. SCIMP models the load on an SCI network, but does 
not generate test patterns. Recently, the Physics Department of the University of Oslo 
has acquired ModSim with the aim of providing more functionality for the simulation of 
LHC Data Acquisition systems. The experience using ModSim, the design of SCIMP, 
results obtained so far will be presented. 
(§ModSim is a trademark of CACI, La Jolla, Ca.) 

3:30- 3:45 Break 

3:45- 5:30 Afternoon Session Continued 

(30) Demonstration: Visual VHDL, University of Illinois 

(20) Stochastic Simulation of Asynchronous Buffers, 
Henry Kasha, Physics Department, Yale University 

Events accepted by the first-level trigger of a collider detector, while no longer 
synchronous with the beam bunch crossing frequency, may still occur at time intervals 
which are shorter than the decision time of the next level trigger processor. An 
asynchronous buffer must therefore be used to derandomize the arrival times at that 
level. A MODSIM II simulation is used to study the required depth of such buffers in SSC 
environment. 
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(35) SOC Level 1 Calorimeter Trigger Simulation Study, 
S. Oasu. T. Gorski, J. Lackey, W. H. Smith, W. Temple, University of Wisconsin 
(Department of Physics and Astronomy, Chamberlin Hall, 1150, University Avenue 
Madison, WI 53706) 

Level-1 trigger electronics for the SOC detector is required to reduce the interaction 
rate of 100 - 1000 MHz, down to 10 - 100 kHz. The key to triggering the SOC involves 
tracking, calorimetry and muon identification, as well as correlation of information 
from these systems. The trigger system starts by making local decisions about the 
presence of objects such as photons, electrons, muons, and jets, as well as making global 
sums of ET and missing ET. It uses this global compilation of information to decide 
whether to trigger a particular 16 ns beam crossing or not. Extensive simulations of 
electron, photon and jet triggers have been made in order to optimize various important 
trigger parameters. These studies have been performed, using hundreds of thousands of 
ISAJET events, and, reconstructing the calorimeter energy deposits and tracking using a 
parametric Monte Carlo. The ISAJET data set included both Drell-Yan, OCD and min-bias 
events. We conclude that the electron trigger threshold can be reduced to as low as 20 
GeV while maintaining high trigger efficiency, using, comparison of energy deposited in 
electro-magnetic and hadronic parts of the calorimeter, and transverse isolation. We 
conclude from the jet study that the overlapping grid of 1.6 x 1.6 (+. '1) towers yields 
best jet energy trigger threshold. Additional work involved study of logarithmic versus 
linear digital energy scale, and other details. Further improvements to the Monte Carlo, 
including the addition of muon system performance, study of trigger efficiencies for 
various physics processes, etc. are in progress. Results from these studies will be 
discussed in this paper. 

(20) Trigger Rate Simulations for the SOC, Greg Sullivan, University of Chicago 

A fast detector simulation of the SOC is used to estimate trigger rates for the SOC 
detector. The rates are discussed along with the implications for an overall trigger 
strategy in the SSC environment. 

Discussion, (J. Dorenbosch, agent provocateut, 

6:30 Informal Dinner (Dutch Treat), Mercado Juarez 

Friday, 24-April-1992 

9:00-10:30 Morning Session 

(45) MODSIM II Simulation Tools, Ron Belanger, ErgoSoft 

(45) Dagger: A Design Automation Tool, 
Vijay Raj, University of Texas at Arlington 

10:30-10:45 Break 
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10:45-12:15 Morning Session Continued 

(20) Proposed Synthesis Tool for Physics Applications, Guy Vanstraelen, 
ss:L 

A "Silicon Compiler" can be defined as a software system supporting chip layout 
synthesis starting from a behavioral description at the algorithmic level. Important is 
the observation that there is no such thing as a "general" silicon compiler. Only 
application-specific silicon compilers can be realized, because different applications 
require different specification languages and the designer may want to pass structural 
hints to the compiler to guide the synthesis process. The required characteristics of a 
synthesizer for physics problems will be examined in more detail. These problems are 
characterized by high throughput requirements, memory management needs and an 
interdependent incomming data stream. 
An important strategy in the simulation-synthesis process should be the "meet in the 
middle" strategy, in which the top-down approach of system designers meets with the 
bottom-up approach of silicon designers at the module level. This strategy will be 
explained more in detail. 

(30) Tlmed·LOTOS in a PROLOG Environment: an Algebraic Language for 
Simulation, M, L. Ferrer, Laboratori Nazionali di Frascati dell'/NFN, Frascati, 
00044, Italy, and G. Mirabelli, Dipartimento di Fisica, Universita' di Roma I and /NFN, 
Roma, 0185, Italy 

The time inclusion in LOTOS allows its use for protocol and system simulations.A tool 
will be presented, implementing a timed-LOTOS in PROLOG environment performing the 
following functions: evaluation of PROLOG clauses via guardmode, menu computation and 
selection and automatic traversal of the communication tree. An example of use of this 
language to define and simulate some aspects of the FUTUREBUS+ protocol will be given. 

(30) Modeling and Simulation of an Event Builder for High Energy Physics 
Data Acquisition Systems, Vishal S. Kapoor, University of Texas at Arlington 

In data acquisition systems for high energy physics experiments, the physical connection 
between individual data sources (data collection chips) and data destinations 
(processors) can be made using an event builder. An event builder assembles the data 
associated with an event, and sends it to a processor. Specifically, this involves 
funneling and routing a large volume of data to a large number of processors. In essence, 
an event builder is an interconnection network. 
An integrated systems engineering approach was used to model, at both the systems level 
and the component level, the behavior and functionality of an event builder. This 
provided a vehicle to study high level considerations such as system architecture, 
efficiency, dead time, event sizes, event distributions, data rates, and transmission 
rates, as well as component level Issues such as functionality and relative signal timing. 
System behavior was studied using MODSIM II, an object-oriented discrete-event 
simulation language. Some design issues were studied in greater detail using VERILOG, a 
hardware description language. 
The study was done by varying data volumes, trigger frequencies and buffer sizes. The 
system was evaluated by analyzing the buffer usage and throughput of the event-building 
interconnection network. 

12:15- 2:00 Lunch 
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2:00- 3:30 Afternoon Session 

(45) CDF DAQ Simulation in Verilog, Robin Grindley, University of Toronto 

A Verilog simulation of the CDF DAO system for the 1992 run was developed to 
investigate the dependence of throughput on the system geometry. The goal was to test 
certain proposed enhancements to the system to see whether they would be effective or 
not in achieving the design event-taking rate. The talk will center on the purpose, 
structure and implementation of the simulation, but will briefly touch on the results 
obtained and the general usefulness of such simulations in the design of DAO systems. 

(45) Modeling the SOC Straw Tube Front End Interface in Verllog, 
Tor Ekenberg, University of Pennsylvania 

We are using verilog to simulate the read-out of. the front end-chips, i.e. the interface 
between the DCC and the FE, for the straw tube read-out system. Since we are working 
on a design of this interface for use in the •full-density• straw tube test, it is important 
that the models can easily be transfered to a hardware implementation. This is 
accomplished under the CADENCE IC design environment by tying behavior-level verilog 
code to blocks in the schematics, and then replacing the behavioral level blocks with 
actual transistors as we proceed with the design. 
Advantages of this simulation path are, 1) that we have can have higher confidence in our 
design since the topology of the schematics haven't changed between simulation and 
implementation, and 2) that we relatively easily can lift certain blocks out of the half-
done design and replace them with different structures (written in verilog) to 
investigate the Impact of design changes. 
We have designed a four channel version of the read-out logic that can handle the TMC or 
the TVC/AMU. This design is done inside CADENCE on a block-diagram basis, where all 
blocks have verilog code tied to them, and then simulated to verify correctness in the 
logical design. This phase is almost complete. In parallel we have been filling in the 
blocks we know we need (like counters, comparators, flip-flops, latches, etc) with gate 
level schematics, and in most cases also with lay-outs. For parts of the design we are 
doing verilog simulations where some blocks only have high-level behavioral level 
verilog code, while other blocks have complete gate level designs associated with them. 
For the first version of the actual TVC/AMU we made a 10,000 transistor hSpice job 
simulate. We simulated 20 ms of detector time on a 1 ns time step in a three week 
simulation. 

3 :30- 3:45 Break 

3:45- 5:00 Afternoon Session Continued 

(30) The DZero Data Acquisition System: Model and Measurements§, 
J. A. Wightman, Texas A&M, R Angstadt, M.E. Johnson, and l.L. Manning, FNAL 

We have developed a queueing theory model of the DZero Data Acquisition System based on 
IBM's RESO Version 2 modeling package. This model was used in the design of our DAO 
system. As a check of the simulation, an analytical solution was developed which has the 
advantage of providing a self-consistency check. We have used the analytical solution to 
refine the model and find hidden queues which had not been previously considered. The 
analytical solution provides a simplification of the more complex RESO model and has 
been a very powerful tool not only in discovering bottlenecks in the DAO system but also 
in comprehending why they exist. Finally, we have made some measurementsof the 
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performance of the DZero DAO system in its current configuration. These are consistent 
with both the simulatlon and calculation. As the DZero DAO system undergoes upgrades to 
its final configuration, we make projections of its performance. 
§supported in part by US DoE. 

(30) Slmulatlng the DZero Intermediate Level Hardware Trigger§, 
M.E. Johnson, R Angstadt, and 1.L. Manning, FNAL, and J. A. Wightman, Texas A&M 

The DZero trigger consists of three levels. The first is a hardware trigger which makes 
a decision within the time frame of a single beam crossing. The last level of triggering is 
a software trigger which makes a decision within about 100 ms. Residing between these 
two is the intermediate level hardware trigger which operates within the time frame of 
approximately ten beam crossings. We have used our queueing theory model to study the 
effects of this level of triggering on the DAO system. The processing rate for this trigger 
as well as the rejection factor supplied by the algorithm have served as parameters in 
our study. With the intermediate level hardware trigger still under construction, we 
have not been able to make any measurements to verify the predictions of the simulation, 
but the success of the simulation in modeling the rest of the DAO system gives us great 
confidence in our results. 
§supported in part by US DoE. 

(20) Strategies Optimizing Data Load In the DO Triggers, 
Mike Fortner, Northern Illinois University 

The DZero trigger is a multistage object consisting of a synchronous hardware trigger, 
an asynchronous hardware trigger and a software trigger. Conceptually all three of 
these stages have the same types of cuts, but with increasingly better resolution. The 
effects of simulating background rates and data aquisition performance has led to specific 
strategies of triggering that involve spreading the trigger load between the three stages. 

Discussion, (J. Dorenbosch) 

6:30 Informal Dinner 

Saturday, 25-April-92 

9:00-10:30 Morning Session 

(30) Simulation of the DO/Level-2 Data Acquisition System, D. Nesjc, D. 
Cutts, J. Hoftun, M. Mattson, Brown University 
The DO/Level-2 data acquisition system provides a high level software trigger for the 
DO experiment. Data flows directly from digitizing crates over parallel high speed paths 
to a selected farm node for the filter analysis. We have modelled this system using the 
Verilog simulation package, and compared our model with measurements on the partial 
system that has been running in the installation/commissioning phase of DO. Using the 
simulation, possible upgrade paths for the Level-2 system are studied; results of 
different upgrade scenarios will be presented. 
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(30) Fast Calculation DZero Jet Trigger Properties, 
Andy Milder, University of Arizona 

Level 1 trigger efficiencies and their dependence on Tl and Pt have been calculated using 
single-jet events. Sytematic Tl effects which have been missed in other studies become 
apparent and represent a potentially important angular correlation efficiency problem. 
A method for quickly simulating the trigger efficiencies of specific physics processes has 
been developed and applied to two-jet OCD events as a check against other, more time-
consuming means. 

1 O :30-1 O :45 Break 

10:45-12:00 Morning Session Continued 

(30) Physics Simulation for Input to Behavioral Simulations, 
Ed Wang, SSCL 

At the SSC, triggering and data acquisition problems are particularly acute. It is 
ultimately physics goals that drive both the accelerator and detector design. We use 
these physics goals as input to behavior modelling of data acquisition systems. The 
present discussion describes features of the physics input to the behavior simulations 
presented at this workshop. 

Workshop Summary and Discussion 

12:00 Adjourn 
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DAQSIM Tallc Outline 

DAQSIM Features 

Selection of a Simulation Language - MODSIM II 

I\) 

Simulation Objects - General and Specific 

DCC -A Study, Push versus Pull 

Results 

Future Studies and Conclusions 
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DAQSIM Introduction 

kSSCI_J 
At the SSC we have developed a tool for studying the behavior of 
Data Acquistion Systems 

Based on the MODSIM II object-oriented programming language 

Allows designers to eval11ate alternative DAQ architectures in terms 
of dead time, throughput and buff er usage, etc. 

Specify dynamically the number of chips, buff er sizes, processing 
time, bandwidth of links, for various interconnection topologies 

Graphical User Interface, Various types of input data 
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Selection of a SiDlulation Language ~~·' 

SSCIJ 

Most important step in developing a simulation model 

Basically four choices that can be made: 
a simulation package, extension of a general-purpose language 

01 a simulation language, general-purpose language 

We chose a simulation language for.the following reasons:-
It has built in facilities for advancing time, scheduling events 

manipulating objects, generating random numbers 
collecting statistical data ,generating reports 

Less dish·actions on issues general to all simulations 
Provides readable modular code with error detection capabilities 
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MODSIMII 

Object-oriented programming language 

General purpose, modular 

Block-structured high-level programming language 

Discrete-event simulation 

Used to build large process-based simulation 
models 

• . .. c • c c • 
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Simulation Objects 

General simulation objects 
NamedObj 
ParameterObj 

General DAQ objects 
StandardActionObj 
TriggerSignalOhj 
ChipObj 
lnputDataObj 

Specific DAQ objects 
DCC Obj 
FE Obj 
SOBObj 

) 

SSClJ 
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Data Collection Circt1it (DCC) 
-A Study 

Clear Statement of Simulation Goals 

) 

SSCIJ 

• To determine the throughput, deadtime and efficiency of different DAQ architectures 

• To identify potential bottlenecks by varying buffer sizes, link transmission speeds, etc 

• To compare different data flow control strategies, specifically push and pull and 
make recommendations about their use 

• To produce a model of a DCC network, including any algorithms, which could be 
used as the basis for an implementation to readout an SCC calorimeter for example 

• To provide feedback to institutions which are involved in DCC development in terms 
of the impact of design decisions such as whether or not "to order the data", or "to 
throttle the trigger(s) ", or "when to perform zero suppression" 
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DCC-AStudy 

Other DAQ Questions 
\ 

SSCIJ 

• Do our results depend on assumptions made about triggering, and if so how 
adaptable is it to alternative triggering strategies ? 

• Do we zero-suppress or not ? 
• What data transportation to the second level trigger ? 
• How much processing can be done on line and what is the effect on throughput of 

doing such processing ? 
• How to deal with errors and adverse conditions, can we make some statements 

about if/when to "drop" bad events ? 
• What are the implications in terms of technology, i.e. what technologies 

make an architecture unreasonable (in terms of cost, complexity) 
• To which proposed real detectors could our studies be applied ? 
• Are there some approaches that lend themselves better to reliability (and 

redundancy) than others, what are the trade-offs ? 
• What are the implications for interfacing to an event-building switch, or to the 

scalable coherent interface 

• • • . ~ . " • c c c " c c"l> 
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DCC-A Study 

Why DCC? 

Push 
Nocheck Push 
Spacecheck Push 
Imaging Push 

Pull 
Pull In Order 
Pull When Ready 

) 

/II\ -, 

Sl.')Cl-1 

Processing functions Error Conditions 
checking level2 id's and wordcounts 
checking error-flags 

Dropping Packets 
Losing a Link 

stripping off headers, adding new headers 
manipulation pointers, imaging consumer buff er 
running special algorithms 
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Level 1 
trigger 

Gating Logi<tt> 

• • 

DAQSystem 

Level 2 I SSCf_, 
trigger buffer almost 
I I 

full signal (throttle) 
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Front End Chips Layer O ~ • • • 

DCC Layer 1 DCC Layer 2 
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Different l(inds of Inp11t Data 

Fixed-size data 

Data According to an Exponential Distribution 

Data According to an Exponential Distribution and 
with correlations applied 

QCD and Electron Physics data extracted from 
GEANT Simulation 

); 
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Simulation of DAQ Architectures 

SS Cl~ 
Architectures 

Push, Pull & Mixed 

..... 
m Large & Small 

Varied the number of Layers 

Throttle or Nothrottle 

Varied the buff er sizes and link speeds 

' ' . • ' . ' ' ' . ' ' . ' " ' .. 
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Simulation Rt1n Parameters and 
AssuIDptions 

Assumptions 
Front-ends could provide a wordcount and a level2 id 

~7,11\~-~

SSCIJ 

DCC contained processing ability to perform the functions described in this talk 
The systems were indeed warmed up after 100 events 

Static Parameters 
Each run was for 1100 events, first 100 warm-up 
Transmissions links between layers were set up to have 1 erlang at 6Kllz of 
accepted level 2 triggers 

Variable Parameters 
Level 2 rates, # of FE' s, # of DCC 's, buffers sizes, # of layers, input data type, 
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Interactive paraJDeters 

SSCI~ 

Simulations are done over a wide range of the values that describe system architectures 
and running conditions. 

ParameterObj allows the values of variables to be changed interactively during run time. 
It provides default values, initialization procedures and descriptions of the variables 

Each time a parameter value is changed, a procedure is called to update all variables 
that must be kept consistent with that value 

It is possible to print the current values of all parameters of a model. (e.g. done in batch 
runs to document the simulation conditions) 

Parameter values can also be dumped to a tile, which can be used for initialization of 
future runs. 

• c c ~ c c c c C" . ., . ' 



List of Si01ulation Runs 

Small Fixed Data Runs 
SSCI~ 

(100-105) 
Small QCDlOO Data Runs (106-111) 
Small Exponential Dist. Runs (112-117) 
Small Electron Data Runs (130-135) 
Large Fixed Data Runs (200-205) 

I\) 
Large QCDlOO Data Runs (206-211) 

w Large Exponential Dist. Runs (212-217) 
Large Correlation Run (218-223) 
Large Electron Data Ros (230-235) 
Reducing the number of Iluff ers (400-504) 
Reducing the bandwidth out of Layer 3 (600-610) 
Reducing the number of Layers (800-) 
Zero-suppression in Layer 1 (900-) 
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Results - Interesting Observations 

SA.f)C/_J 

• Good balancing of the data load over the data collection channels is essential. 
• Data collection schemes that use throttling to limit buffer overflows, show a 

much more graceful degradation at high rates than systems that handle high 
rates by discarding part of the data. 

• There is little difference in performance between 2 and 3 layers of DCC's 
• Pull is somewhat better than push in throttled systems with non-fixed data sizes 
• Under normal running conditions the Imagecheck protocol does not perform 

significantly better than the simpler SpaceCheck protocol. 
• The buffer sizes in the deeper layers of the system are larger than required for 

smooth running. 
• Performing 'zero suppression' in the first data collection layer rather than in the 

front-ends has little impact on throughput, provided that sufficient bandwidth is 
available for data transport to layer 1. 
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Fut11re Studies 

Using DAQSIM for Proposed "Real" Detectors 

Research into Architectures which Incorporate 
Redundancy 

Refining some of the models 

Provide Animation 

Integrate Expert System and Fault Insertion Utility 
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Gee Whizz Slide ~ 

Number of lines of MODSIM code = 12,000 SSCIJ 

Number of objects = 50 

Number of cpu hours per run = between 4 - 7 hours 
~ (one point on a plot) 

Number of runs so far = 1000 

Using one SparcStation II = 200 days continuous running 

However, we have 20 workstations in our group and 30 
workstations as front-ends to the physics detector 
simulation facility (pdsf) 
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Conclusions 

,.SSCl..1 
• DAQSIM - A tool for the understanding Data Acquisition 
Systems 

• DAQSIM used to study the behavior of a data collection 
circuit 

• DAQSIM has been used to compare push andpull control 
strategies 

• Graphs showing deadtime, throughput and buffer usage 
plotted 

• The study of DAQ systems is complex - has generated two 
Master's Theses at the University of Texas at Arlington 

• DAQSIM can be used to understand "real" SSC detector 
readout systems 

• • • • • c • • ... .~ 
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Front Encl and DCC Si1nulations 
for the SDC Strmv Tube Syste111 

A. fI(jJscher, G. Stairs and P. K. Siuervo 
U11ivcrsiiy of Toronto 

Toronto, Caua<la 

April 21, 1992 

e-mail: holscher@cerebus.physics.utoronto.ca 

This document is a collection of three notes, which describe the buffer and bandwidth 
requirements at various stagP.s of the SDC straw tracker front end system. 

1 Sin1ulations of Front End Board Occupancies 
for the SDC Straw Tube Tracker 

This note describes the results of a study of the front end board occupancies for the different 
superlayers of the SDC straw tracker. 

2 Front End Buffer Requirements for the 
SDC Straw Tube Tracker 

This note describes estimates made of the buffer requirements for the 11 and 12 buffer. 
I 

3 Buffer Occupancies for the SDC Straw Tube DCC Systen1 

This note describes a stu<ly of the buffer aud bandwidth requirements on the front encl 
boards and at the DCC level. 
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Si111ulation of Front Encl Board Occupancies 
for the SDC Stra\v Tube Tracker 

A. Holscher, P. K. Sinervo and G. Stairs 
University of Toronto 

Toronto, Canada 

Penny Estabrooks 
Carlton University 

Ottawa, Canada 

l\farch 11, 1992 

Absti·nct 

In this note we present simulations of the occupancies of the Front end boards for 
the straw system using SDCSIM generated events. 

1 Introduction 

The straw system consists of about 110,000 straws, which are arrauged in 5 superlayers. 
For an exact description of tlte geometrical arrangement we refer to [l]. In this note we 
determine occupancies of different layers and of the electronic front end boards. We use 
physics events generated by the SDC simulation program. No attempt has been made to 
generate electronic noise. 

2 Superlayer occupancies 

First we show the occupancies of different event types alone. However, at the nominal 
luminosity of the SSC of L = I033cm-2s- 1 , there are 1.6 minimum bias events per crossing. 
For the straw system the detector integrates over three bunch crossings per each trigger iu 
order to catch a.ll signals. This implies that for each physics events one triggers on, one has 
roughly 5 underlying minimum bias events, which of course add to. the occupancies. We 
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generated 5 minimultl bias events, .5 events containing a Higgs decaying in the following 
decay chain: Iliggs __.. ZZ __.. clp and .5 dijet events with a Pt in the range of 1 - 100 GeV /c. 
Table 1 shows the occupancy per channel per trigger, first for the different event types alone 
and then for the event types of interest plus the underlying 5 minimum bias events. Figure 
1 shows these distributions for the higgs + minbias, dijet + miubias and 1 minbias cases 
represented graphically. 

II l Layer 1 Layer 2 Layer 3 Layer 4 La.yer 5 II 
1 minbias 0.83 % 0.35 3 0.28 3 0.16 3 0.16 3 
1 Higgs 6.0 3 3.0 3 1.9 3 1.75 3 1.75 3 
1 dijet 2.7 % 1.3 3 0.85 3 0.64 3 0.63 3 

1 Higgs + 5 miubias 10.0 3 4.7 3 3.3 3 2.5 % 2.5 % 
1 dijet + 5 minbias 6.8 3 3.1 % 2.3 % 1.4 % 1.4 % 

Table 1: Layer occupancies for different types of events 

3 Front end board occupancies 

We are also interested in correlations in specific Front end boards. As shown in Figure 2 
each superlayer consist of 6 or 8 layers, which are bundeled together into modules and rea.d 
out by one Front end board (FED). It is assumed that each front end board contains 160 
straw channels. This implies that there are about 850 FEDs for the whole straw system. 
Each FED consists of five so called F:tv!UX's, each reading out 32 channels [2]. Therefore 
there will be about 4250 FMUX's in the whole straw system. The FMUX's are assumed to 
be radially arranged. 
A particle transversing one superlayer will leave several hits in the particular front end 
board. Figure 3 and 4 1 show the occupancies of the FMUX's for 1 minbias event and 1 
dijet event alone. One clearly sees peaks at an occupancy of 6, which indicates that the 
transversing particle has a hit in all of the layers of one superlayer. These 6 hits mostly 
belong to one FED, which is why there is a clear peak in the occupancy distribution of the 
FED. The 6 hits may also belong to one Fl\-IUX, but here the correlation is not so strong. 
In comparison we show the occupancy distribution assuming that the modules would be 
arranged in the </> direction, where one does not have this correlation effect. 1-Iany more 

1 Note that the mean of the occupancy distributions was only calculated for FEB's or FMUX's, which 
contain at least one hit .. 
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Figure 1: Occupancies of the different superlayers of the straw system for a higgs event 
(solid histogram) and a dijet event (dashed histogram). These events include 5 underlying 
minimum bias events. For comparison the occupancy for one minimum bias event (dotted 
histogram) is shown. 

modules contaiu a. hit, Lut the average occupancy of a hit module or FMUX is much smaller. 
Note that the average FED and FMUX occupancies are very similar for the minbias and 
dijet events. However, in the min bias case fewer modules actually have one or more hits. 
Figure 5 finally shows the occupancy distribution of the Higgs or dijet events plus 5 un-
derlying minbias events. The shapes dou 't change very much since the additional particles 
from the minbias events mostly transverse other modules. This is also illustrated in table 
2, which shows the percentage of FMUX's or front end boards that don't contain any hit 
for all the different events categories. Including the minbias events clearly decreases the 
number of empty FMUX's a11d FEB's, implying that they hit different modules. We remind 
the reader however, that we didn't generate any electronic noise, whic11 might change this 
picture. 
The occupancy distributions, however, show long ta.ils. For the generated 5 events of each 
category au occup;rncy of 105 for one FEB was observed and au occupancy of 41 for one 
FMUX. 
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II I empty FED's I empty F!\IUX's II 
1 minbias 95 3 98 3 

1 higgs 68 3 85 3 
1 dijet 84 3 93 3 

1 higgs + 5 minbias 55 3 77 3 
1 dijet + 5 minbias 66 3 84 3 

Table 2: f'ract.iou of f'ED boar<ls an<l F!\IUX's that <lo not contain any hits. 

4 Conclusions 

The maximal inner superlayer occupancy was found to be 10%. This translates into the 
following average datarates from the front end boards, assuming that each hit contains 4 
bytes and an L2 trigger rate of 10 kHz and assuming that each front end board contains 
160 straws. Again this table ignores the electronic noise. These datarates, however, are 

II Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 II 
0.16 hits/Jts 0.08 hits/Jts 0.05 hits/µs 0.04 bits/µs 0.04 hits/ µs 

0.64 Mbyte/s 0.32 Mbyte/s 0.2 Mbyte/s 0.16 Mbyte/s 0.16 lVIbyte/s 

Table 3: Datarate from one FEB for the Higgs + 5 minbias events, assuming 4 bytes/hit 
and excluding electronic noise. 

the average dataratcs. For any event the hits are correlated. When a module is hit by a 
transversing particle, it usually contains at least 6 hits. It can contain many more hits, 
when it is hit by a jct. In most cases, however, the Front end boards are empty. 
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Fig. IV.2. TI1e basic mouule design is shown here schematically. TI1e two basic designs 
are shown; a 6 layer moc..lule for non-trigger layers and stereo layers, and a 9 layer trigger 
module that has all straws on a radial line. 111e present design will probably use an 8 layer 
ui gger module. 

Figure 2: Module design within the superlayers. For details see (1). 
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Figure 3: FED and FMUX occupancies for one minimum bias event. The upper two plots 
show the modules arranged in ¢, the lower two like in the real design. 
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Figure 4: FEB and FMUX occupancies for a single dijet eveJ,lt without any underlying 
minimum bias events. 
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Figure 5: FEB and FMUX occupancies for Higgs events (upper two histograms) and dijet 
events (lower two histograms). Both events contain 5 underlying minimum bias events. 
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Front End Buffer Require1nents for the 

SDC Straw Tube Tracker 

A. Holscher, G. Stairs an<l P. K. Sinervo 
University of Toronto 

Toronto, Canada 

l\farch 16, 1992 

Abstract 

In this note we present the results of calculations of the buffer occupancies at the 
front end card for the straw system. For an occupancy per crossing of 5%, the Ll buffer 
would need 18 storage locations and the L2 buffer 8 storage locations. One can impose 
a minimal distance requirement between two L2 trigger accepts of up to 50 µs with only 
little additional burden to the L2 buffer. 

1 Introduction 

We simulate the Front end TVC/ A.MU for the straw system to determine the buffer require-
ments of the 11 an<l 12 buffer. The system is supposed to meet the following requirements: 

• sustain a 12 trigger accept rate of up to 10 kllz, with less than 10 3 losses. 

• work for occupancies of up to 53 / crossing and integrate the signal over 3 crossings. 

Model simulations show that tl~e occupancuies of the inner layers of the straw system are 
about 103 per trigger without any electronic noise. The above assumption contains some 
safety margin to incorporate this noise. 
The model used is a situplifie<l version of the front end simulation model of Sinervo et al. 
[2]. It uses the beam clock as the minimal time step and starts generating events for any 
11 accept. The 11 triggers arc generated with an Ll accept rate between 62.Mllz*(0.001-
0.003). For 11 trigger accepts, hits are generated with a probability/crossing, occup=0.05. 
For each trigger 3 beam crossings are read out. These hits then ente~ the L2 pipeline. The 
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L2 delay (L2lat) is parametrized by a a flat uniform distribution between 10 an<l 50 µs (a) 
or 10 an<l 100 JIS (b). The trigger proposal [1] requires the L2 latency time to be between 
10 and 50 JLS. llcre we will usually allow for a latency of up to 100 µ.s. L2 trigger accept 
signals are generated with the probability L2. \Ve further require a minimum time L2min 
between two L2 triggers. This time is the same for L2 accepts or L2 rejects. 

2 Ll buffer occupancy 

The Ll buffer occupancy depends only 011 the delay of the Ll trigger decision, which we take 
to be 240 crossings, and the occupancy of 011e channel per crossing. It follows a binomial 
distribution: 

240! 
prob( n) = * occupn * ( 1 - occup )240-n 

(240- n)! * n! 

Simulations werde done with a detailed model of P. Sinervo et al. [2]. Figure 1 shows the Ll 
buffer occupancy distribution for an occupancy of 23 and 53 per crossi11g. The maxima.I 
buffer length to contain 99 3 of the hits, is 10 and 18 for the occupancies of 23 and 5% 
per crossing, respectively. 
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Figure 1: Ll buffer occupancy distribution for an occupancy of 53 per crossing and 23 per 
crossing. 
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3 L2 buffer occupancy 

\Ve test the required L2 buffer size in a simplified \'ersion of the front en<l simulation mo<lel 
of Sinervo et al. [2]. We note the following parameters for the buff er: the average occupancy 
n (averaging excludes empty buffer conditions), the variance of the occupancy distribution 
u an<l the nmxima.l occupancy 11111a:z: of the L2 buffer. The maximal occupancy is define<l 
as the number of buffers nee<led to contain more than 993 of the hits. Table 1 gives the 
results for various parameters. 

II Ll I occ11p I L2lat I L2mi11{Xing) I n u I nmax II 
0.001 0.05 a 250 1.3 0.6 4 
0.001 0.05 b 250 1.4 0.7 5 
0.001 0.1 a 10 1.5 0.8 5 
0.001 0.1 b 250 1.9 1.1 6 
0.002 0.05 a 250 1.6 0.9 6 
0.002 0.05 b 10 1.9 1.1 7 
0.002 0.1 a 600 14 7 >24 
0.002 0.1 b 10 3.1 1.9 11 
0.003 O.O!j b 250 2.9 1.G 8 
0.003 0.1 b 250 5.0 2.2 13 

Table 1: 12 buffer occupancies. 

From this table one can infer that the variables n, u and nmax scale approximately with 
the square root of Ll, occnp an<l L2lat. 

n, u, umax ex: y'occup * v'Ll * J < 12lat > 

The intro<luction of minimal <listauce between 12 triggers of 250 Xings=4/tS does not have 
a big influence on the performance of the system. This para.meter, however, starts to have 
a large influence as soon as this distance comes close to the mean time between Ll trigger 
accepts ( GO Mllz*Ll=l0-20 JLS). 

Figure 2 shows the maximal occupancy of the 12 buffer, nmax, as the function of the 11 
trigger rate for occupancy /crossing of 0.1, 0.05 a.nd 0.02. For an occupancy of 5% per 
crossing and a 12 latency time distribution between 10 and 100 /ts, a maximal 12 buffer 
length of 8 hit locations is sufrtcieut. 
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Figure 2: nma..x as a function of the Ll trigger accept rate for an occupancy/crossing of 0.1 
(upper cun·e), 0.05 (mi<l<lle cun·e) and 0.02 (lower curve). 

4 L2 accept separation 

For some reasons like event ordering one is interested in the influence of an a<ldi ti on al latency 
between 12 trigger accepts on the performance of the front en<l buffers. Let T be the minimal 
distance between two L2 t1'igger accepts. This is not to be confused with the 12 trigger 
latency, which is the time the system needs for an 12 trigger <lecision. This additional 
latency wonl<l require the 12 buffer to take the burden of this a<l<litional buffering. For an 
occupancy of 5% per crossing we show in the following table the 12 buffer occupancies, for 
different latency times T. 

The last column in the table g'.ves the percentage of 12 trigger accepts that had to be 
buffere<l so that the minimal distance criterion was satisfie<l. 
For the 12 latency time we used a uniform distribution between 10 and 100 1is, so that the 
typical latency was usually much larger, than the a.dditiona.l latency cause<l by the minimal 
distance requirement. 
The increase in required L2 buffer space on the 12 buffer side seems to be modest, if 
noticable at all for the assumed parameters. However, as soon as T approches the 12 accept 
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II Ll L2 L2rnte( kHz) r(11s) I n a j nmax ( % ) II 
0.002 0.02 2.-1 1 2.1 1.2 5 0 
0.002 0.02 2.4 :32 2.1 1.2 5 6 
0.002 0.02 2A G4 2.1 1.2 5 11 
o.oo:l O.O!i 9 1 2.9 1.6 i 0 
0.003 0.05 9 32 :J.O 1.7 8 25 
0.003 0.05 9 64 5.1 2.1 > 8 53 

Table 2: 12 buffer occupancies with an minimal 12 trigger accept distance, for an occupancy 
of 53 per crossing. 

rate, the required buffer size increases dramatically. For the last eutry, 16 3 of the hits are 
lost for the L2 huffer length of 8. 
The small increase in buffer requirement can be understood in the following way: The 
minimum 12 accept requirement introduces on the ave1·age a latency of 12 * T for each 
event, which is c111ite small compared to the 12 decision latency, since 12 is small. This effect, 
however, becomes very important when the probability that during this latency another 12 
accept trigger occurs, hecomes important. At this point the 12 buffer queue is not emptied 
any more. 
Figure 2 compares the 12 buffer occupancy distribution for (a) 11=0.002 and 12=0.02 and 
(b) for 11=0.003 and 12 =0.05 for minimal 12 trigger accept separations of 1, 32 and 64 
µs. In the case a) the difference in the distributions is nearly imperceptible. In case b) the 
distributions for T = 1/tS and r = 32~ts are very similar, while the case of r = 64JtS would 
need more bufferspace. 16 3 of the hits are lost for au 12 buffer length of 8. 
Figure 3 shows the percentage of 12 accept triggers which had to be delayed, to enforce the 
12 trigger accept seperation. 
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Figure 3: 12 buITer occupancy for a) 11=0.002 and 12 =0.02 and b) Ll=0.003 and 12=0.05. 
The three cases T = 1, 32, 641is are superimposed on each other. 
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Figure 4: 3of12 trigger accepts which have to wait in order to enforce the minimal distance 
condition, for separation times of 32 and 64 µs. 
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5 Conclusions 

In this note we have ernluated the buffer requirements for the 11 and 12 buffers. which are 
located on the TVC / Ai-.1 U. In order to collect more than 993 of the hi ts, the 11 buffer needs 
to have 18/12 storage locations for an occupancy of 53 or 23 per crossing, respectively. 
The 12 buffer needs 8/4 storage locations for the two different occupancies, assuming the 12 · 
latency to be uniformly distributed between 10 and 100 JLS. Without too much additional 
burden a minimal llistancc of 30-GO JLS between 2 L2 accept triggers can be imposed. The 
buffer needs are only iucrease<l for very large rates (12=9 kHz) and long minimal distances 
of 64 JLS. 
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Duffer Occupancies for the SDC 
Straw Tube DCC Systen1 

A. Holscher, G. Stairs a.ud P. K. Sinervo 
University of Toronto 

Toronto, Canada 

~:larch 23, 1992 

Abs ti-act 

In this note we present the results of simulations of the buffer occupancies at the 
front en<l car<l an<l at the crate interface card for the SDC straw tube system. 

1 Introduction 

The general architecture of this system as it is assumed in this simulation is as follows [1] 
(see figure 1). Ou each front end board reside 5 FMUX's, which are connected to 8 four 
channel TVC/AMU's (or TMC's) each, so that we have 160 straw channels per front en<l 
module. Tlte F!vIUX's have one buffer for each TVC/ AMU they are connected to. After 
each 12 accept trigger the <la.ta are first digitized ou the TVC/AMU, which might take 
1-3 µs, and then transmitted to the F.MUX. This link is clocked at about 1 MHz and each 
clock cycle 4 Lits are transferred to the FMUX. One hit from the TVC/AMU generates 
3 bytes of data. Ou the F.MUX a 4th byte for the geographical address is added. The 5 
FMUX's residing 011 one front end board are read out one after the other by one FETX 
that transmits the <lata to a Luff er on the CIC (crate interface card), which resides on a 
data acquisition crate outside the calorimeter. Each CIC reads 20 front end boards out 
in this scheme. For the whole straw system we forsee 32 CICs. vVe are interested in the 
occupancies of the buffers a.nd bandwidth requirements at various sta.ges. 
The system is supposed to meet the following requirements : 

• sustain an 12 accept rate of up to 10 kHz, with less than 10 3 losses, a.nd 

• work for occupancies of up to 15%/trigger/channel. 
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Model simulations [2] show that the occupancies or the inner layers of the straw system are 
about 10% per trigger without any electronic noise. The above assumption contains some 
safety margin to incorporate this uoise. 
In this note the occupancies were generate<l, unless ollter\\'ise staled, with an 12 trigger 
accept rate of 9 kIIz and an occupancy of .53 per crossing with 3 crossings per trigger being 
read out. 

2 Bandwidths 

From these requirements one can deduce the following average rates: 

datarate(TVC/AMU - Fl\IUX) = 4 * 0.15 * lOkHz = 0.006 hits/its 

Our protocol between the FE chip and the FMUX requires the FE to generate an "end-
of-event" datum for every 12 trigger (see section 4 ). Including this additional effect, we 
obtain an average rate of 0.016 hits / µs. 

Assuming the connection TVC/ AMU - FMUX is clocked at 1 MHz and that the data 
are transferred in 1 nibble=4 bit, it will take time = N * 61ts (N number of bits on one 
TVC/ AMU) until the data from one TVC/ AMU arrives at the FMUX. 
For the datarate from the FMUX to the CIC one gets the following values: 

datarate(FMUX - CIC)= 160 * 0.15 * lOkHz = 0.25 hits/ µs 

Assuming one hit is 4 bytes long and allowing for a safety margin of at least a factor 4, the 
minimal required bandwidth for the bus to the TVC/ AMU is : 

bandwidth(FMUX - CIC)> 4 Mbyte/s 

For each front end board there is a separate input buffer on the CIC. The bus which reads 
out these input buffers needs to carry the following rate: 

data rate( CIC_.; CIC) = 20 * 160 * 0.15 * lOkllz = 5.0 hits/ J.tS 

Assuming a.gain that one hit contains 4 byte and requiring a safety factor of at least 2 times 
the required bandwidth one obtains: 

bandwidth(CIC - CIC)> 40 Mhyte/s 

This is also the rate with which the data are transmitted to the DAQ. 
The further one is away from the front end mo<lule, the smaller .the safety factor needs 
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to be, since the fluctuations becollle smaller and smaller. This will be confirmed by the 
subsequent simulat.io11s. Generally, as long as one stays some reasonably safe factor away 
from the limiting bandwidth, the system performs very well. 

3 Correlations 

For each 12 trigger accept signal, we generate hits for each channel according to an average 
occupancy. In a pre\"ious uote [2] we have shown, however, that the front end boards 
typically contain either 110 hit or at least G hi ts, due to the fact that a transversing particle 
sets a hit in all layers uf one superlayer. To simulate this type of correlations, we assign 
to each event a different average occupancy. The distribution of this average occupancy is 
assumed to be exponential 

f( occup) <X e:rp(-occttp/ < occup >) 

with a mean occupancy of 53 per crossing. Three crossings are read out for each trigger. 

4 FMUX occupancies 

The FMUX's reside on the front end card and read out 8 TVC/ AMU's (or TMC's) each. 
On each front end card there are 5 Fl\'1UX's, which are read out by one FETX. The FETX 
reads the FMUX's one after the other and transmits the data to a buffer on the CIC. SDC 
mandates that all data in the DAQ system to be event and channel ordered. The two issues 
concerned with this ordering are: 

• data ordering by the geographical channel address, and 

• event ordering by time and disentangling data from different events. 

There are two possibilities to o~der the data from different events: 

• lntroduct.ion of a latency between 12 trigger accepts, so that one event can be read 
out completely from the FMUX before the next one enters it. 

• Let the TVC/ A.MU send an empty hit to indicate the end of an event for one trigger 
and the beginning of the next trigger. The FMUX would then continued to be read 
out until the empty hit fur each 12 trigger. · 
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Figure 2: Fl\IUX occupnncy (in terms of hits) for one four-channel TVC/ AMU without 
(a) or with (b) one empty hit for each event. The occupancy is shown for three different 
FMUX-FETX-CIC bandwidths of 2 (dotted), 4 (dashed) and 8 Mbyte/s (solid histogram). 

The introduction of a minimal distance between 12 trigger accepts of up to 50 µs introduces 
a sustainable load on the the 12 buffer as was shown previously [3]. However, problems 
might occur for events that have a high occupancy in one FMUXR. This scheme also requires 
some additional logic in order to enforce this minimal 12 trigger accept distance. 
In the second solution, the TVC/ AlvIU adds an empty hit to the end of the data for each 
event. The F!\1 UX is then read out until the occurence of an empty hit and one would 
naturally get the hits ordered after their event number. The disadvantages of this method 
are an increased TVC/A1IU - FMUX bandwidth and an increased buffer requirement on 
the FMUX. Both <lisaclvantages don't seem to be severe, however, and we use this method 
for the subsequent simulations. 
The ordering by geographical address can be clone by reading out the FrvIUX's in the same 
order for each trigger. This retluces the effective bandwidth somewhat, since one might have 
to wait for the <latn. to arrive a.t a particular Fl'vIUX before the readout can continue. This 
degradation, howen•r, is acceptable. Figure 2 shows the occupancy of an FlvlUX buffer for 
one four-channel TVC/ AI\IU for three different F.rvIUX-FETX-CIC bandwidths of 2, 4 and 
8 Mbyte/s aud for the case where one empty hit at the end of each event is not included 
(a) or is included (h). Figure 3 shows the required FMUX buffer length in order to contain 
99.93 of the hits for the \'arious cases. For a FlvIUX-CIC bandwidth of 4 Mbyte/s, the hits 

53 



are well contained in a buffer of length 15. 
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Figure 3: max Fl\'IUX buffer occupancy (99.9%) as a function of the FMUX-CIC bandwidth. 

4.1 Recovery fom buffer overflow 

Special care has to be ta.ken when the F:rvIUX buffer overflows, in order not to loose the 
control information provided hy the empty hit. 'When the FMUX buffer is full, we propose 
to stop the data transmission from the front end chip to the FMUX. This will cause first the 
12 buffer and then the Ll buffer on the chip to be filled up and eventually cause the chip 
to disable its input when no space is left for hits in the Ll buffer. As soon as the FMUX 
has space a.gain, the data transmission from the TVC/AMU (or TMC) to the FMUX buffer 
can resume. 

5 CIC occupancies· 

The data a.re transmitted from the front end boards to buffers on the crate interface card 
(CIC), which is located outside the calorimeter. Each CIC has one data input buffer for 
each of the 20 front end boa.rel it is connected to. It then puts the data belonging to one 
trigger together in one output buffer, from where the data are transmitted to the DAQ. 
Apart from collecting the <la.ta from the front eud board, the CIC ·card has some control 
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and monitor fuucliu11s. Tlte i11p11t buffer needs 011 the CIC are of course dependent on the 
bau<lwi<lth with which theses buffers are emptied. Figure 4 shows the occupancy distribution 
of the CIC input buffers for a CIC bandwidth of 24 l\Ibyte/s (again assuming that each hit 
cousists of 4 bytes). lu this figure, we compare the case, where (a) the event data a.re not 
geographically ordered, but the input buffers on the CIC are read out in the order that they 
arrive in the CIC, ( b) second where we assume a fixed occupancy for each event, neglecting 
correlations as they \Vere assumed in section 3 an<l (c) assume the type of correlations 
presented in section 3 and reading out the CIC front end buffers always in the same order. 
The perce11tage of hits lost with a buffer length of 1000 hits per front end card is 0.6%, 
0.03% an<l 1.G3, for the three cases, respectively. The occupancy distributions don't show 
big differences between the three cases. Reading the front end boards out in the order of their 
availability (a) gives a. slightly larger throughput than always reading them out in the same 
order, whcrca.-; n<'gl<'cli11g currda.tious within one event leads to smaller losses (h) compared 
Lo the nominal case whNc we get ordered event a.nd were we put in some corrcla.tions. 
Although these differences are expected the <liff erence between the distributions is much 
smaller than one probably would have anticipated. 

: I 

0 100 200 30') 400 500 600 700 

····. ·········· 

( c) 

······· 
I - , - -- - -

800 900 

Figure 4: CIC input bnffer occupancy (in terms of hits) for one front end board. Ca.se (a) 
solid, (b) <lashed an<l (c) <lotted histogram). 

Figure 5 shows the CIC buffer occupancy distribution dependence on the CIC bandwidth. 
The occupancies are shown for a bandwidth of 24, 36 a.n<l 48 Mbyte/s. Also shown are the 
maximal occupancy for different bandwidths. For a CIC bandwidth ·exceeding 40 Mbyte/s 
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the hits are well contained in a buffer length of 400 hits. 
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Figure 5: CIC input huff er occupancy for one front end board, for three different bandwidths 
on the CIC: 24 (dashed), 36 (dotted) and 48 Mbyte/s (solid histogram). The histogram in 
(b) shows the maximal (99.9%) occupancy. 

5.1 Influence of CIC delay times 

Since the CIC has also monitor and control functions, we are also interested in the buffer 
requirements assuming that the hits have to stay a minimal time Tin the input buffer. This 
would give the a DSP (see figure 1) some time for monitor and control functions. Figure 
6 shows the CIC iuput buffer occupancy distribution for an CIC bandwidth of 48 Mbyte/s 
for 3 different minimal times T = 0, 500 and 1000 µs in the CIC buffer. Even for a delay 
time of 1000 JtS, the additional burden on the CIC buffers is small. In this case one would 
like to have a somewhat larger storage of 500 hits. 

5.2 Load balanced Front End Readout 

Simulations of the occupa.ncies of front end modules (2] sl10\v that the occupancies have a 
strong dependence on the superlayer number in the sense that the occupancies of the outer 
layers are much smaller than the inner layer. Since the CICs are located just outside of the 
calorimeter in different </> posi tious, geometrical arguments and arguments of load balance 
suggest, that each CIC reads out front end modules of different layers. This lowers the 
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Figure G: CIC buffer occupancy for one front end board for a CIC bandwidth of 48 Mbyte/s 
for three different CIC minimal stay times of 0 (solid), 500 (<lashed) and 1000 µs (dotted 
histogram). 

bandwidth requirements of one CIC, since the occupancies of the outer layers are much 
smaller. \Ne assume that the 20 front end boards of one CIC contain 4 front end module 
of each superla.yer. \Ve assume the follO\ving average occupancies per trigger for the .5 
superlayers of 15%, 93, 63, 4.5% and 4 .. 5%, which is still well above the results of the 
simulation of 103, 4.i%, 3.33, 2.5% and 2.53 [2]. Figure 7 shows the CIC buffer ocupancy 
distributions for different CIC bandwidths of 24, 16 and 12 Mbyte/s. Here no difference is 
made between CIC reading out superlayers with higher or lower occupancies. For this load 
balanced front end readout, the required CIC bandwidth is only 20 Mbyte/s. 

5.3 CIC output buffer and bandwidth to DAQ 

The data from different front enJ boards are now assembled and added to one output buffer, 
where they are to he shipped off to the data aquisition system. The buffer size needed here, 
of course, depends on the specifica.tion of this connection, which at this stage is not defined. 
Assuming the load balanced case (section 5.2), a CIC - DAQ bandwidth of 24 Mbyte/s and 
no additional delays, one gets the output buffer distribution of figure 8, showing that in this 
case the buffer can contain as many as 1000 hits. This requirement will certainly grow. 
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Figure 7: CIC buITer occupa.ucy for one front end board for a CIC bandwidth of 24 (solid), 
16 (dashed) and 12 Mbyte/s (dotted histogram), with the CIC reading out 4 front end 
boards of each superlayer. 
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Figure 8: CIC 011tput buffer occupancy for the load balanced front end readout (section 
5.2) and a CIC-DAQ ba.ndwi<lth of 24 ?vlbyte/s and no additional d~lays. 
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6 Conclusion 

In this note we discussed the buffer needs and bandwidth requirements of the front end 
boards and of the crate interface carcl. Adding the conclusion from a previous study [3] we 
arrive at a set of minimal parameters for a front end system, assuming the requirements 
that: 

• the system has to sustain an 11 accept rate of 100 kHz 

• the system has to sustain an 12 accept rate of 10 kHz 

• allow the straw tubes to have an occupancy of 1.5 % per trigger 

• and a.llow for an 12 latency time of 10 - 100 µs uniformly distributed 

The system would have the following parameters: 

• 11 buffer length >= 18 hits 

• 12 buffer length >= 8 hits 

• TVC/ AMU (or TMC) - FMUX link clocked by at least 1 MHz with 4 bits trans-
ferred/ clock 

• FMUX buffer length per 4 channel TVC/ AMU of at least 15 hits. Assuming each hit 
contains 4 hytes, one needs 8*4*15 =480 bytes storage on each FMUX. 

• the bandwidth FMUX - FETX - CIC exceeding 4 Mbyte/s. 

• CIC input buffer length per front encl board exceeding 1.G kbyte. Assuming that each 
CIC reads 011 t 20 front encl hoards one won Id need at least 32 kbyte on the CIC as 
an input buffer. 

• requiring the data to stay' some minimal time of 500 µs to 1000 µsin these CIC input 
buffers to allow for some data monitoring operations, imposes only a small additional 
bnrden on the buffer. 

• bandwidth on CIC with which the 20 front end board buffers are read out exceeding 
40 Mbytes. If one CIC reads out front end boards roughly equally distributed over the 
superlayers (load balanced), a lower bandwidth exceeding 20 Mbyte/s is sufficient. 
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• the CIC output buffer for the load balanced case with a CIC-DAQ ba.n<lwi<lth of 24 
Mbyte/s is required to be at least 1000 hits. This requirement will certainly grow, 
depen<liug ou the specifications of the CIC-DAQ link. 
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-
Simlilation Goals ,_ 

Simulation goals include: ·-• Develop generic DAQ simulation that includes essential features 
of a broad class of DAQ architectures 

• Model large system such as will be used at SSC or LHC 

• Avoid detailed simulation specific to a particular architecture 

• Focus on global behavior of DAQ 

• Compare simulation results with scaling predictions -
Detailed design and simulations are required at a later stage to: 

• Determine bandwidths, latencies, buffering, and other inputs 
used in the generic model -

• Study architecture specific fault conditions 

• Determine characteristics of input data distributions 

• Verify performance of actual system 

--

-

-
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Non-Blocking DAQ Architectures 

A non-blocking DAQ architecture is defined to be a data acquisition 
architecture with a set of data sources of fixed bandwidth. The band-
width that can be delivered from a given data source is uncorrelated 
with activity on the other data sources. A non-blocking architecture 
should, in principle, have a much more predictable behavior due to 
the lack of correlations. 

Examples of non-blocking architectures: 

• Dual-port memory architecture 

• Cross-point switching network 

• Network with non-blocking packet switch/router 

Example of a blocking architecture: Several data sources on a shared 
bus or network segment 
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::1he Simulation Model 

The simulation model was written in VERILOG, and includes the 
following elements: 

DATA SOURCE 

• Generate Gaussian distribution for data lengths, Li, on each 
data source 

• Average length for a source, (Li), has a Gaussian distribution 
about the nominal length L 

• Apply Gaussian normalization factor to each data length to pro-
vide correlations between data sources 

• Add fixed length to each segment for headers, noise, etc. 

• Negative values from Gaussian distributions forced to 0 with 
distribution c?rrected to give proper mean 

• An input queue buffers a number of events prior to sending the 
data through the DAQ 

• Deadtime occurs if one or input buffers are full 

DATA TRANSMISSION 

• Data is sent over fixed bandwidth links in order of generation 

• Each data link operates independently of the other links, so 
different links may be transmitting different events 

EVENT BUILDER 

• Event builder waits until all data for a given event has been 
received and then signals the processor assigned to the event to 
begin processing 
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•'"" 

• Two types of event builders considered: dual-port memory ar-
chitecture with no latency and network/switch architecture with 
random latency time between data source and destination 

PROCESSOR FAR:NI 

• A processor is assigned to an event at the time of its generation 

• If no processor is available, deadtime is incurred 

• The CPU time required for making a trigger decision is modeled 
as a fixed time for all events plus a variable time that depends 
on the nature of the event and has an exponential distribution 

• Logging of accepted events is assumed to not incur additional 
deadtime 
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SIMULATION PARAMETERS ·-
The following is a list of parameters used in the DAQ model: ,_ 

ndc Number of data cables 

ncpu Number of farm CPU's 

min....s1ze Minimum event size ... 
event....size Average event size ( = min....size + ndc · L) 

var....s1ze u of event size (3 of ndc · L) 

var_dc u of (Li) (3 of L) ... 
var Jen u of Li (3 of (Li)) 

dc_qlen Number of buffers in the data collection network -ebJat Average latency in event builder ( ms) 

eb_qlen Number of event builder buffers per CPU 

cpu_time Average CPU time for an event (ms) -
fix_cpu Minimum CPU time (3 of cpu_time) 

rn....seed Random number seed 

-

-
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·-

Baseline Simulation 

Simulation Procedure: 

• Measure the deadtime for each run in a series with differing 
hardware trigger rates 

• Fit dead-rate versus trigger rate 

• Determine asymptotic event rate ©HOO% deadtime 

• Determine deadtime at crossover where the trigger rate is 
equal to the asymptotic event rate 

• Plot deadtime versus event rate for live events 

• Compare asymptotic rate with predicted rate 

• Study variation of model parameters around a set of baseline 
parameters 
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Event Generator Parameters 

• Varying the number of input queue elements strongly affects 
deadtime at crossover but has no significant effect on the asymp-
totic event rate 

• Increasing the variation in average data length among data sourcesl 
reduces the throughput 

• Changing the fluctuations in data length has no significant effect 
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Variation of Event Generation Parameters 
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Bandwidth Scaling 

The asymptotic event rate can be predicted based on a simple model 
of the DAQ bandwidth: 

Event rate is limited by bandwidth from data source, 

ER< BW 
- (Data-1,ength)max 

or by CPU capacity: 

ER< N_CPU 
- (CPU .:I'ime) 

Comparison of predicted event rates and asymptotic event rates from 
simulation gives good agreement 
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Latency in the Event Builder 

To simulate architectures with significant latency in event building, 
we modified the simulation program as follows: 

• Added random latency time between end of data transmission 
and arrival of data at CPU buffer 

• Incorporated a set of event buffers in front of each CPU to hold 
data as it makes its way through the event builder 

• CPU processes events in order of generation 

• Uniform distribution of latency times 

• Deadtime incurred if no CPU buffer available 

New scaling law applies: 

ER< N_CPU · NJ3uf 
- (M ax._Latency) 

For a uniform latency distribution, 

2N (M ax.-Latency) = N (Latency) 
+1 
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Conclusions 

• Simulations performed for a variety of model parameters 

• Parameters that effect throughput or deadtime of generic archi-
tecture have been identified 

• Scaling laws established 

• DAQ architectures with large latency times simulated 
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Simulation Studies of the SDC Data Collection Chip 
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YUniversity of Illinois Department of Physics, 1110 W. Green St, Urbana, Il.. 61801 USA 

Abstract 

This paper describes simulation studies of the Data 
Collection Chip (DCC) design for the Solenoidal Detector 
Collaboration (SDC)l. The DCC assembles event 
information from a number of input channels. A non-
overlapping tree structure of DCCs can be used to build large 
event fragments. Modeling and simulation studies are 
described which examine the effect of DCC design parameters 
on the deadtime of the detector. 

In the deadtime study, three possible DCC architectures are 
examined in detail, each of which uses a different protocol for 
communication. The relative effects on trigger throttling and 
data loss are examined. 

In the correlation study, the effect of input data correlation 
on buffer requirements for the DCC is examined. This study 
addresses the interdependence of input data, which is an 
important concern. The results suggest a linear relationship 
between the correlation of data on input channels and the buffer 
space needed for normal operation. 

Based on our studies of the DCC and the requirements of 
the SDC data acquisition system (DAQ), the design of a 
cascadable, fault tolerant queue is descnbed. 

In the multilevel study, a flexible model of the DCC is 
developed. The model includes a protocol parameter, and can 
be used to construct arbitrary trees of DCCs. The results 
demonstrate the feasibility of a parametric DCC design for the 
SOC DAQ. The DCC design can accommodate different data 
formats and data rates, and is appropriate for a variety of 
detector subsystems. 

I. INTRODUCTION 

A. The SDC Data Collection Chip 

The Solenoidal Detector Collaboration (SOC) Data 
Acquisition System (DAQ) is an ongoing design that is 
intended to be part of the detector system for the 
Superconducting Supercollider (SSC). The Solenoidal 
Detector is a general purpose system that is optimized for 
high-pr physics. The expected operating luminosity of this 

1 Supported in part by DOE contract: DE-AC02-76ER01195 and 
by TNRLC contract: RGFY9147. 

facility is 1()33 cm-2s-l, and the detector is designed to address 
specialized issues at higher luminosities. The SOC DAQ 
collects digital data from the Front End systems (FEs) on the 
detector and moves the data to stable storage. 

FEs 
and 

Trigger 
DAQ 

Figure 1. The SOC architecture 

The Data Collection Chip (DCC) reads detector data from 
the Front End (FE) and Trigger subsystems. A non-
overlapping tree structure of DCCs is used to collect data from 
approximately 8 * 106 detector channels [SDC92] and send the 
data to an array of microprocessors. A flexible DCC design 
has been developed to meet the needs of the DAQ. The DCC 
reads data from a variable number of sources, and can be 
optimized for each detector subsystem without significantly 
affecting detector data. 

B. Mode ling and Simulation 

Designers of large electronic systems use modeling and 
simulation to improve the reliability of a system while 
reducing its design time. The model of a system is a partial 
description of the design that can be simulated to check 
correctness of behavior and compare alternatives. A system 
can be described at several levels, corresponding to the amount 
of detail in the parts of the description. For example, 
behavioral models describe a system in an abstract manner, and 
structural models use a detailed interconnection of components 
[Hugh90]. The simulation of a model is the execution of the 
model for a given set of inputs, called the stimulus. DCC 
models have been written in Verilog [Vlog91] and VHDL 
[VHDL88]. Both languages provide for mixed-level model 
descriptions. 

C. Assumptions and Parameters 

A block diagram of the SOC DAQ is given in Figure 2. 
In this architecture, a tree of DCCs gathers data from a large 
portion of the detector and groups the data by event. In this 
context, an event is a group of particles resulting from a 
collision of particles. Resulting data is sent to an array of 
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processors, which store interesting events on magnetic media. 
This diagram includes only data flow, omitting trigger and 
control signals. 

FE 
occ 

occ t--...... --11 

occ 

occ 
occ 

media occ 
FE 

Figure 2. SOC DAQ architecture 

The DCC model uses a queue to store data from each 
source and a workspace to store assembled events. In addition, 
each FE model has a queue for storing detector data. The queue 
sizes can be adjusted by the model parameters fe_qsize, 
dccl_qsize, and dcc2_qsize. In the block diagram, dccl 
parameters apply to the left-most DCCs and dcc2 parameters 
apply to the second layer of DCCs. In addition, the maximum 
data rates for the data connections are controlled by the fe_rate, 
dccl_rate, and dcc2_rate parameters. 

The models discussed in this paper use randomly generated 
input data. The parameters guiding data generation are derived 
from preliminary data for several detector subsystems 
[SDC92]. A uniform distribution is used to generate 
L2accepts, which are occurrences of interesting events. The 
average number of L2accepts per crossing is given by the 
L2_rate parameter. Next, the FE model generates a data packet 
for each L2accept based on the number of data channels in each 
FE (num_chan), the fraction of active channels (occupancy), 
and the amount of data for each active channel (event_size). 

The SDC DAQ will have a large data throughpuL In this 
work, we assume that the DAQ will require data to be 
transferred without handshake during normal operation. The 
DCC model includes two kinds of control signals, busy and 
throttle, which warn of impending overflow. A busy signal is 
asserted when one of the input queues exceeds a preset level, 
given by the dee l_busy or dcc2_busy parameters. The throttle 
signal is asserted when any of the queues exceed the dccl_thr 
or dcc2_thr throttle levels. Typically, the throttle signal 
represents a more urgent situation than the busy signal. 
Finally, the daq_ wait parameter models the delay between 
events read from the DCC. 

The DCC model includes a "processing" delay for 
assembled events, given by dee l_proc and dcc2_proc. The 
number of FEs connected to a DCC is given by nwn_FEs and 
the number of first-level DCCs is given by num_DCCs. The 
fe_delay, dccl_delay, and dcc2_delay parameters model the 
propagation delay of control feedback signals. 

The sim_time parameter specifies the amount of detector 
time to simulate. In addition, the clock rate of the system is 
controlled by clock_pd. Typical values for the parameters are 
given in Table 2. In the simulation experiments, parameters 
will take nominal values unless otherwise specified. 

clock_pd 16 ns num_chan 12 

L2_rate 5.5 E-5 num_FEs 16 

occupancy 10% num_DCCs 12 

event_size 5 words fe_delay 340 ns 

fe_qsize 160 words dccl_delay 16 ns 

dccl_qsize 80 words dcc2_delay 70 ns 

dcc2_qsize 160 words fe_busy 40 words 

fe_rate 180 KB/sec dccl_busy 20 words 

dccl_rate 3.0 MB/sec dcc2_busy 40 words 

dcc2_rate 18 Mb/sec dccl_thr 15 words 

dccl_proc 100 ns dcc2_thr 20 words 

dcc2_proc 500 ns daq_wait 100 µ.sec 

Table 2. Nominal values of parameters. 

II. DEADTIME STIJDIES 

A. Goals 

Abstract simulation studies of the DCC began with VHD' 
and Verilog models [Hugh92]. The Verilog model was used 
compare candidate architectures, with different values of DC 
design parameters, for deadtime, which is the fraction of tin. 
the detector cannot take data. In this study, two phenomen. 
result in deadtime: (1) thro11led triggers, which are suppressed 
by control signals to the TRIGGER, and (2) corrupted events 
due to queue overflow. For this study, the occupancy 
parameter was set to 32% to cause a statistically significant 
nwnber of corrupted and throttled events. 

Figure 3 gives the architectures of the models compared in 
this study. In this figure, the 16 FE models are represented by 
a single block. The TRIGGER generates L2accept signals 
(L2As). The FEs generate variable-sized packets, which are 
assembled into events by the DCC. A DAQ model is included 
to communicate with the DCC. 
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Figure 3. Model architectures for deadtime study. 

In the pull architecture, the FE-DCC data link is controlled 
by the DCC. The FE asserts the empty signal to warn of 
impending queue underflow. The architecture is called pull 
because the receiver controls the data flow. In the ripple and 
direct architectures, the FE controls the FE-DCC link and the 
DCC sends busy and throttle signals when overflow is likely. 
These are both called push architectures because the sender 
controls the data flow. In the ripple architecture, a busy signal 
is sent to an FE when the DCC queue for that FE is nearly 
full. In the direct architecture, an additional throttle signal is 
sent to the lRIGGER when any of the DCC queues are nearly 
full. The throttle signal contributes directly to deadtime by 
suppressing triggers (L2As). The DCC busy signal 
contributes to deadtime indirectly by slowing transmission 
from the FE. 

B. Deadtime Study 

The first experiment measures the effect of the feedback 
parameters on deadtime. In this experiment, the busy and 
throttle depth parameters and the daq_ wait parameter are varied. 
Each point on the graphs is the average of five simulations of 
two seconds of detector time with different seeds to the random 
number generator. Each simulation takes approximately four 
hours on a Sun Spare station using Cadence's Verilog running 
under Sun OS 4.1.1. 

For the pull architecture, fe_busy is varied from 20 to 40 
words and daq_ wait is either 0 or 100 µsec. The results for 
this experiment are plotted in Figure 4(a). For the ripple 
architecture, fe_busy is varied from 20 to 35 words and 
dccl_busy is varied from 25 to 35 words. The results are 
shown in Figure 4(b). For the direct architecture, dccl_busy 
takes values from 20 to 40 words and dccl_thr varies from 5 to 
35 words. The results for this architecture are given in Figure 
4(c). The curves for dccl_thr = 5, 15, 25 and 35 have been 
omitted for clarity. The curve for a throttle depth of 5 words is 
slightly higher (more events lost) than the curve for 10 words. 
The composite result is given in Figure 4(d). 

12 

.-.. 0 daq_ wait = 100 
~ 0 0 '-" 0 0 4) 8 .§ 
] 0 "O 0 0 0 0 

4 
daq_wait = 0 

20 25 30 35 40 
fe_busy (words) 

(a) pull architecture 

12 

4 
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(b) ripple architecture 

dccl_thr = 30 

dccl_thr = 10 

4 

20 25 30 35 40 
dccl_busy (words) 

(c) direct architecture 

The results for the pull architecture demonstrate the 
importance of the daq_ wait parameter, which is one measure of 
the ability of the second level DCC to read out the data of the 
first level DCCs. A similar test could be applied to the push 
architectures by randomly setting busy signals from the DAQ 
model, presumably with similar results. It is interesting to 
note that the two curves are relatively flat. 
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Figure 4. Deadtime results. 

The results for the ripple architecture are tightly grouped 
around 5% deadtime. In this architecture, neither the fe_busy 
or dccl_busy parameters have a significant effect on deadtime. 
The components of deadtime in this experiment varied 
substantially. For example, the deadtime for fe_busy = 25 
words and dccl_busy = 25 words is composed of 81 % throttled 
triggers and 19% corrupted events, for which some data was 
lost. In contrast, the deadtime for fe_busy = 35 words and 
dccl_busy = 35 words is composed of 99% throttled triggers 
and 1 % corrupted events. This tradeoff is more closely 
examined in the next section. 

The results for the direct architecture vary between 8% and 
20% deadtime. The results show a clear tradeoff between 
throttled triggers and corrupted events. As dccl_thr is 
increased, dccl_busy should also be increased. The results 
show that the busy depth should be set about 15 words higher 
than the throttle depth. The direct architecture will require 
more buffer or communication resources to handle a given 
input data rate. One reason for this result is that the direct 
architecture uses many fewer control signals. For 192 FEs 
read by 12 first level DCCs and one second-level DCC, the 
pull and ripple architectures use 396 control signals and the 
direct architecture uses 217 signals. This experiment also tests 
the overflow recovery mechanisms of the model. The 
simulations suggested many test situations which are 
extremely rare in practice and which can cause the system to 
deadlock. 

The measured deadtime was incurred by one DCC and the 
associated FEs. Thus, deadtime in excess of 4% should be 
unacceptable, because the SOC detector will have thousands of 
DCCs. 

C. Reconstruction Study 

One weakness of the deadtime study is that the model 
architectures are only compared with respect to total deadtime. 
This comparison is not always ideal, because deadtime is 

composed of corrupted events and throttled triggers. The 
reconstruction study examines the components of deadtime 
individually. Realistic physics detectors can reconstruct an 
event if a small portion of the data has been lost. In this 
study, the results of the deadtime study are analyzed in detail. 
The problem is simplified by assuming that the DCC can 
rebuild an event if the amount of data lost is less than a 
constant. In a real detector, the distribution of lost words 
would affect the ability of the DAQ to reconstruct an event. 
The results for this study are given in Figure 5. 
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Figure 5. Reconstruction results. 

16 

In this study, the average size of a complete event in the 
DCC is 307 words. For each architecture, the best resultc; ar~ 
reported. In addition, the worst result for the direct architect 
is included. For example, when the reconstruction algorit 
was applied to one of the ripple simulations, over 60% of t. 
corrupted events can be reconstructed if the constant limit is 
one word per evenL The worst result for the ripple architecture 
is slightly worse than the best result for the pull architecture. 
Reconstruction is most effective for the ripple architecture, 
which lost just one word of many of the events. The direct 
architecture lost large amounts of data, and less than 20% of 
the events can be reconstructed with a limit of one word lost. 

D. Extendibility Study 

In the deadtime study, the resulting curves for the pull and 
ripple architectures are relatively linear, while the curves for 
the direct architecture are noL One possible explanation is that 
an architecture which is relatively capable of handling the 
input data rate (i.e. pull and ripple) is mostly insensitive to the 
parameters, while an overtaxed architecture (i.e. direct) is not 
insensitive to DAQ parameters. If true, this would have 
important implications for upgrading the operating luminosity 
of the SDC. 
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In an attempt to validate the above hypothesis, the ripple 
architecture was simulated with a 30% higher input data rate. 
The result was a set of curves varying from 16.5% to 19.3% 
deadtime. These curves are not linear, so optimization is 
important A remaining question is: Will both an increase in 
input rate and a decrease in buffer space have the same effect? 
Another experiment was run with 12.5% less buffer space in 
both FEs and the DCC. The result was a set of curves varying 
from 6.9% to 8.0% lost events, which are not as linear as the 
curves around 5% but are more linear than the curves above 
10%, as expected. 

Ill. CORRELATION STUDIES 

A. Goals 

The previous studies assume a uniform distribution of data 
among the FEs. ·Each channel has the same probability of 
having data for an event. Situations can arise where one Front 
End has much more data than the others for an event even 
though the average amount of data entering the DCC is the 
same. Such situations arise when there is a strong correlation 
or dependency between the channels in a Front End. Due to 
the spatial location of the channels on the detector, an event 
that causes a particular channel to be active may activate many 
neighboring channels. These channel dependencies produce a 
skewed distribution of data among the FEs. This study 
addresses these issues and determines the effect of correlation 
on queue space in the DCC. 

B. Experiments and Results 

The distribution of data among the FEs, for two different 
amounts of correlation, is shown in Figure 8. In this figure, 
there are two parameters of interest, the probability that an FE 
has active channels for an event and the channel dependency 
(fraction of channels in an FE that are active for any event). 
Hence, a 100% channel dependency implies that all twelve 
channels of an FE are active for any event The product of 
these two quantities (channel occupancy) is kept constant so 
that the average amount of data entering the DCC per event is 
unchanged. The data is localized in a few FEs when the 
channel dependency is high, but is distributed evenly among 
many of the FEs when the dependency is low. 

Figure 9 shows a plot of the maximum DCC queue depths 
as the DCC data rate (dccl_rate) is varied. The experiment is 
performed for two values of FE data rate (fe_rate) and two 
values of channel dependency. Two important observations 
can be made from the figure. First, the maximum queue depth 
increases as the FE data rate is decreased. When the input rate 
is low, the DCC takes more time to assemble a complete 
event, which causes queues that contain larger events to grow 
deeper. Second, the queue depth increases as the channel 
dependency is increased. The second observation is explained 
with the help of Figure 8. When the channel dependency is 
high, the data for an event is concentrated in a few FEs, which 
increases the depths of the corresponding queues of the DCC. 
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A plot of the maximum depth of the DCC queues as the 
dependency is varied is shown in Figure 10. This result 
explains the effect of channel dependency on queue depths. 
The input and output data rates are kept constant and the 
experiment is performed for two values of channel occupancy. 
The DCC queue depth varies almost linearly with channel 
dependency. Also, the queue depth is increased when the 
channel occupancy is higher. This is because the total amount 
of data entering the DCC per event is proportional to the 
channel occupancy. 
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Figure 10. Queue Depth Vs Dependency 

From the above discussion, it can be seen that moderate 
data dependencies cause a skewed distribution of data among 
the queues in the DCC. All of the event data is concentrated 
in a few queues while the remaining are mostly empty. This 
leads to poor utilization of resources and can cause queue 
overflow. The design of a queue which addresses some of 
these shortcomings is proposed below. Since the queue is a 
very crucial and widely used module in data acquisition 
systems, this design could also be incorporated into other 
subsystems of the SOC. 

IV. DESIGN OF A CASCADABLE QUEUE 

A. Requirements of the DCC Queue 

The design of a queue for the data acquisition system of the 
SOC must satisfy the following requirements: 

(i) it must be highly fault tolerant 
(ii) it must be easily testable 
(iii) it must be very flexible, to fit different subsystem 

requirements 
(iv) it must be easily reconfigurable in "real time", to 

prevent loss of event data 
(v) it must be fast (high throughput and low latency) 

Fault tolerance can be achieved in three ways: first, the 
system can be built using "gold" components, second, triple 
modular redundancy (TMR) techniques can be applied, and 
third, the system can be tested frequently to detect faulty 
components. Of the three techniques, the first is impossible 
to implement with current technology and the second causes a 
tremendous waste of system resources. If the system is 
designed to be easily testable, very few test vectors will be 
needed to detect and locate faults. Hence, the third technique 
can result in high utilization of silicon area with low system 
downtime and is therefore best suited to SDC requirements. 
The DCC must be very flexible because it communicates 
with numerous subsystems having different characteristics. 
Specifically, the queues must be designed such that their depth 
and/or width can be easily varied. Reconfigurability must be 
built into the queue design for fault tolerance requirements and 
to accommodate bursts of data from the Front Ends. Finally, 
all these requirements must be attained with minimal loss of 
performance. 

B. Possible Designs 

One possible way to satisfy the first four requirements with 
minimal waste of silicon area is to break up the queue into 
smaller subqueues. The subqueues are then cascaded together 
according to system requirements to build a larger queue. Two 
commonly used cascadable queue designs are described below. 

1) SERIAL SHIFT REGISTER DESIGN 

A serial shift register design is one of the simplest 
implementations of a queue. A diagram of this design is given 
in Figure 11. The data is strobed into the shift register by the 
strobe in signal and is strobed out by the strobe out signal. 
Each input or output strobe causes the data in the register to be 
shifted towards the output by one slot. The input ready and 
data ready signals are useful for cascading the registers to 
increase the depth of the queue. One obvious drawback of this 
design is that the data is moved from one location to the next 
in the queue, which reduces throughput and increases latency. 

strobe in 

input ready 

data in 

Figure 11. Shift Register Design 

2) RAM BASEP PESIGN 

trobe out 

ata ready 

ata out 

RAM based queues eliminate the drawback of the previous 
design by changing address pointers rather than moving data. 
A diagram of this design is shown in Figure 12. The data is 
stored in a RAM which is addressed by the read and write 
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pointers. In this design, each output or input strobe causes the 
read or write pointers respectively to be incremented. The 
empty and full signals are asserted when the RAM is empty or 
full. The queues can be cascaded to increase the depth and/or 
width with the help of the handshake signals. This is shown 
in Figure 13. Two factors limit data throughput in this 
design: (l) the physical movement of data from one queue to 
another when two or more queues are cascaded, and (2) the 
handshaking mechanism between the queues. Both drawbacks 
are eliminated by the design proposed in the next section. 

strobe in 

write 
input full/ full 
control empty 

logic RAM logic empty 

MEMORY 
DATAOUf 

ARRAY 

input output 
ready read pointer control 

DATAIN 
logic 

Figure 12. RAM BASED DESIGN 
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Figure 13. Queue Expansion 
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C. A New Design 

The proposed design is very similar to the RAM based 
design. The most important difference between the two 
designs is the way queues are interconnected to make a deeper 
queue. In the previous design, queues were cascaded serially to 
increase the depth which caused the data to move from one 
queue to another. In the proposed design, queues are connected 
in parallel to increase their depth or width. Hence, data does 
not move from one queue to another and no handshake signals 
are required. Figure 14 shows how two queues are cascaded to 
increase the depth or width. The input data bus is connected to 
all the queues in the cascade and the outputs of the queues are 
tied together. Two signals are required for cascading purposes. 
The FS signal indicates the first queue in the cascade. The 
Xout signal of a queue is connected to the Xin signal of the 
followmg queue. The Xout signal produces a pulse each time 
the queue has been completely emptied or completely filled. 
This pulse causes the transfer of read/write activity to the 
following queue in the cascade. Both FS and Xin are tied high 
when the queues are cascaded to increase the width. 

EXPANSION (DEPI'H) 

5V DI DI DI DI SI 
FS 
Xin Xout 

DO DO DO DO SO 

(4 bits 

data out 

EXPANSION (WID'IH) 

SV DI DI DI DI SI 
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(8 bits 

data in 
(4 bits 

DI DI DI DI SI 
FS 
Xin Xout 

DO DO DO DO SO 

strobe out 

data in 
(8 bits 

DI DI DI DI SI 
FS 
Xin Xout 

DO DO DO DO SO 

strobe out 
Figure 14. Queue Expansion 
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A block diagram of the design is shown in Figure 15. The 
read & write active logic generates the RA and WA signals 
which are asserted when the queue is being read from or written 
to, respectively. The full/empty logic indicates when the 
queue is empty or full. Both logic blocks are implemented by 
finite state machines (FSMs). These FSMs are clocked by 
two input signals: strobe in (SI) and strobe out (SO). The 
implementation of a two-clocked FSM is shown in Figure 16. 
This implementation requires the following steps to be 
performed. First, the state transition diagram (STD) of the 
FSM is drawn showing all the transitions due to both the 
clocks. Second, from the STD, two state transition diagrams 
are generated showing the transitions due to each clock. 
Finally, the combinational logic to implement each STD is 
built separately and interconnected as shown in Figure 16. 
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Figure 15. THE NEW DESIGN 
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next 
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outputs 

SI 

so 

Figure 16. State Machine with 2 clocks 

The queues can be reconfigured very easily and quickly 
because only one signal is required to connect the queues in a 
cascade (from Xout to Xin). This technique can be used to 

increase flexibility and fault tolerance with minimal loss in 
speed. The flip-flops used in the FSMs, the read and write 
counters and the input and output data registers can be 
connected in a scan path for testability purposes. The 
proposed queue design allows the buffer space of the DCC 
design to be changed with minimal side effects on the timing 
of the DCC's behavior. 

V. MULTILEVEL DCC STUDIES 

A. The Model 

One problem with the previous studies is that the DAQ 
model is not a realistic representation of a second level DCC. 
This study addresses the problem by incorporating two or more 
levels of the DCC network into the model. The multilevel 
model improves upon the previous models by including a 
GA TING component, which decides when to throttle 
L2accepts. A diagram of this model is shown in Figure 17. 

empty 

throttle 

Figure 17. Multilevel DCC control flow. 

In the block diagram, only some of the connections are 
shown. In the multilevel model, each FE component receives 
the L2accept signal from the TRIGGER model and returns a 
busy signal to the GA TING model. In addition, each DCC 
receives empty signals from each source and a busy signal 
from the next DCC, and returns busy signals and a throttle 
signal. A single GATING component models the overall 
throttle decision. 

The FE/DCC interface is based on the architectures used in 
the deadtime study. The multilevel model includes a protocol 
parameter, which is used to select pull, ripple, or direct. 
Figure 17 shows all the control signals (empty, busy, throttle) 
necessary for the different values of protocol. For example, if 
the protocol is pull, then the empty signals are used and the 
busy and throttle signals from the DCC are not used. The FE 
busy signals are used for all protocols. 

The multilevel DCC study also improves upon the 
previous models by incorporating realistic parameters for the 
delay of control feedback signals. The proposed SOC detector 
will be a cylinder about 50 meters in length and about 20 
meters in diameter [SDC92]. Thus, the potential propagation 
delay of a signal includes a nontrivial component for 
transmission over cable lengths. First, the detector is 
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approximated by a bounding rectangular solid. Next, we 
assume that the propagation delay for a signal is 10 nsec plus 
6 nsec/meter of cable. An FE is assumed to be within one 
meter of the corresponding DCC, resulting in 16 nsec delay. 
The longest path from any point on the detector to the central 
GATING component is 55 meters, resulting in 340 nsec delay. 
Finally, we assume that the second level DCCs are within ten 
meters of the corresponding first level DCCs and within 45 
meters of the GATING, resulting in delays of70 nsec and 280 
nsec, respectively. 

B. Modeling Techniques 

A VHDL model of the DCC was constructed for this study. 
This model uses a record type to represent packet information, 
which simplifies changes to the packet definition. The models 
are parametric, so that readout structures of arbitrary size can 
be built without changing the DCC or FE models. The 
propagation delays of control signals are modeled by VHDL 
signal assignments with transport delays. This technique 
allows signal delays to be changed without affecting the 
number of visible signal pulses. 

The most important characteristic of the multilevel model 
is the use of a parameter to select the communication protocol. 
In this study, the FE and DCC models adhere to the protocol 
parameter by using selected processes for communication and 
flexible processes for data storage. 

In the first technique, the protocol parameter is used to 
generate different processes for the pull and push protocols. 
The model is efficient, because unused processes are not 
included during model compilation (much like macro 
expansion). 

In the second technique, the process which stores data in a 
DCC queue asserts the throttle signal only if the protocol is 
direct, and asserts the empty signal only if the protocol is pull. 
This technique reduces the size of the model at the expense of 
minor inefficiency. 

An important characteristic of the multilevel model is that 
control signals which are not relevant for the chosen protocol 
never change value. This reduces the run time of the 
simulation by reducing the number of signal changes to be 
handled. This technique also simplifies the results to be 
interpreted by the designer. 

VI. CONCLUSIONS AND FuTURE WORK 

A. Summary 

We have demonstrated a top-down approach to the design of 
large, complicated systems like the data acquisition system of 
the SOC. A high level specification is first developed, 
debugged, simulated, analyzed, and then used to judge the 
correcmess of the lower level implementation. A behavioral 
model of the DCC was built whose behavior could be varied 
with simulation parameters. High level studies were 
performed on this model to understand the behavior of the 
system and to suggest which components must be optimized 

for throughput and reliability. Studies to determine the 
resource requirements (queue depths) were conducted for various 
scenarios. The effect of channel dependencies on the 
maximum queue depths of the DCC was also studied. From 
these studies, a detailed design of the DCC queue was begun. 
The queue was designed to be cascadable, testable and fault 
tolerant. It was also built to be very flexible and easily 
reconfigurable so that it could communicate with a wide 
variety of detector subsystems. The design was verified by 
extensive simulations using the Vantage VHDL Spreadsheet 
[Vant91]. 

The models presented in this work demonstrate many 
useful modeling strategies. Key features of the simulations are 
controlled by parameters, which are easy to adjust. With 
VHDL, it is even possible to choose a communication 
protocol by setting a parameter. The model hierarchy matches 
the design, so models can be reused, especially in mixed-mode 
simulations. 

B. Future Work 

One important requirement for the DCC design is 
preliminary testing with existing Front End systems. This 
effort includes both simulations and prototypes. We have 
begun a collaboration with one FE group at Pennsylvania 
[VanB92]. This kind of experiment is a natural predecessor to 
future SOC DAQ test beam experiments. 

In the near future, we intend to simulate the detailed DCC 
design to study the fault tolerance of the queues. Real time 
adaptive reconfigurability techniques to prevent loss of data in 
the queues will be studied. Structural design of the other 
modules in the DCC will be done and a prototype of the DCC 
will be built and tested. 

In addition, the abstract VHDL DCC models will be used 
in simulations with other DAQ models. For example, Ancor 
has developed a model of the FDDI which could be used to read 
out data from the DCC model. 

Finally, we hope to investigate some specialized design 
issues for the DCC. First, detailed models can be used to 
examine the failure modes of the DCC tree structure. Next, 
abstract models can be used to evaluate techniques for logging 
non-physics detector data. These studies will give a good 
degree of confidence in the DCC design before expensive 
prototypes are built. 
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OUTLINE 

1) DAT A COLLECTION CHIP {DCC) DESIGN 

2) CORRELATION STUDIES, RESULTS AND LESSONS 

3) DESIGN OF A RECONFIGURABLE QUEUE 

4) SUMMARY AND FUTURE WORK 
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WHY DESIGN THE QUEUE ? 

1) ESSENTIAL COMPONENT OF THE DCC 

(others may change depending on application etc.) 

2) THE DCC RAM (WORK SPACE) IS VERY SIMILAR TO THE QUEUE 

3) WILL BE USED BY MANY OTHER SUBSYSTEMS IN THE SOC 
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CHARACTERISTICS OF THE QUEUE ESSENTIAL FOR THE SOC 

1) HIGHLY FAULT TOLERANT (RELIABLE) 

2) VERY FLEXIBLE (interface with many subsystems of the SOC) 

3) EASILY RECONFIGURABLE (in "real time" to prevent queue overflow) 

4) FAST (HIGH THROUGHPUT, LOW LATENCY) 

5) EASILY TESTABLE 

WHY BREAK UP A QUEUE INTO SMALL PIECES ? 

1) LESS WASTAGE OF SILICON TO ACHIEVE 

HIGH FAULT TOLERANCE, 

FLEXIBILITY & RECONFIGURABILITY 
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PREVIOUS DESIGNS 

A) SERIAL SHIFT REGISTER 

STROB 

INPUT R 

DATA I 

EIN 

EAD~ -

rr "' - l/ 

B) RAM BASED DESIGNS 
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--
-. 
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..-__._........._,,/?WRITE POINTER~..-------,___ 
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CONTRO. ( EMPTY -- EMPTY 
LOGIC LOGIC 

DATA IN 
RAM MEMORY 

ARRAY .,._..... _ _,,,..DATA OUT 

---- DATA READY 
OUTPUT~ 

READ POINTER ____ C~~~~c°LSfROBE OUT 
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RAM BASED DESIGNS (contd.) 

EXPANSION (DEPTH) 

STROB EIN SI 
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INPUT RE ADY 
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DO-: 
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SI Of 
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-

-
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-

OUTPUT READY 
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OUTPUT 
READY 

QR_..___ _ ____.,...,_ __ 
SO STROBE OUT 
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FACTORS LIMITING PERFORMANCE 

IN THE EARLIER DESIGNS 

1) PHYSICAL MOVEMENT OF DATA FROM FIFO TO FIFO 

-- CAUSED DUE TO SERIAL CONNECTION OF FIFO's 

- 2) HANDSHAKING MECHANISM BETWEEN FIFO's 
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BLOCK DIAGRAM OF THE NEW DESIGN -
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FS = 1 
&X=O m 

WA:1 
RA= .. ---. 

WC:O 
& X = (SO) m 

x. = 1 m 
& FS = 1 (SI/SO) 

/' WA:1 
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empty= O 
full= equal 

RSb= 0 

RD STB = 1 

WR STB = 1 empty = equal 
full= O 

STATE DIAGRAM OF THE FULL I EMPTY LOGIC 
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INPUT l\ s COMBINATIONAL - v LOGIC 

OUTPUTS 

r---1' (STRB_IN) 
rV 

D 

NEXT < SI 

STATE 

LOGIC 

< so 
D 

L1' ----v COMBINATIONAL 

l\ LOGIC 

v (STRB_OUT) 

STATE MACHINE CLOCKED BY TWO INPUTS 
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NEW DESIGN 

EXPANSION (DEPTH) 

Db D~ D~ D~ SI 

FS 

(4 bits) 

DATA OUT 

EXPANSION (WIDTH) 

Db D\ D~ D~ SI 

(8 bits) 

DATA OUT 

FS 
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SO OU 
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ADVANTAGES OF THE NEW DESIGN 

1) NO HANDSHAKING SIGNALS 

2) CASCADABLE (BOTH IN DEPTH & WIDTH) 

-- WITHOUT MOVEMENT OF DATA FROM FIFO TO FIFO 

3) TESTABLE 

4) EASILY RECONFIGURABLE 

-- COULD BE DONE IN "REAL TIME" 

5) FAULT - TOLERANT 
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SUMMARY 

1) BEHAVIORAL DESIGN OF THE DATA COLLECTION CHIP 

2) HIGH LEVEL STUDIES OF THE BEHAVIORAL MODEL 

3) STRUCTURAL DESIGN FROM THE HIGH LEVEL STUDIES 

4) DESIGN VERIFICATION BY SIMULATION 
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-
FUTURE WORK --

1) SIMULA TE THE FAULT TOLERANT NATURE OF THE QUEUES , -
2) ADAPTIVE RECONFIGURABILITY TECHNIQUES 

-
3) STRUCTURAL DESIGN OF OTHER MODULES OF THE DCC 

-4) BUILD AND TEST A PROTOTYPE 
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SCI Simulation Overview 
~tt 

A. Hardware Simulation 

VLSI 

Board 
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Event data in - 1000 units 

Farm Fann 

Tapes 
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Cache Coherency Simulations 

•Purpose 
• study impact on HEP DAQ Systems 
• investigate trade-offs non/coherent data access 
• investigate and understand efficiency of different options (e.g. 

IEEE minimal, typical, full set) 
• Implementation strategy 

• use existing MODSIM infrastructure for LHC/DAQ 
simulation, as well as future extensions 

• use existing MODSIM simulation of basic SCI transactions 
(this is fast, and allows simulation of> 1000 node systems) 

•combine this with IEEE C-code for cache coherency ( > 7000 
lines of complex, but efficient code). 

•Status 
•Bugs in C-code are being corrected rapidly 
• still some fundamental problems with MODSIM integration: 

MODSIM does not allow calls to asynchronous TELL 
methods from within (nested) C-functions. 

• provisional, low performance implementation available for 
SUN/SPARC. 
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Cache Coherency: case study 
Ring with 1 Memory and 9 Processors 

1 2 3 4 5 

10 9 8 7 6 

• Compare noncoherent nread64 with coherent 
mread64 

•Both transactions read 64 bytes from memory. Noncoherent 
nread64 may cache data "locally". 

• Processor operations 
• All processors do successive read operations to memory 

addresses 0, 64, 128, ... etc. (to avoid repeated access to 
already cached data) 

• Three cases: 
• lightly loaded ringlet: wait 5 µs after each read operation 
• moderately loaded ringlet: wait 1 µs after each read operation 
• heavily loaded ringlet: no wait between successive read 

operations 
• Simulation parameters 

• Assume 10 ns propagation delay for an idle node + cable 
•All internal, memory and cache buses operate at 50 Mhz, 32 

bits parallel (or, equivalently, 64 bits@ 25Mhz) 
• 1 kbyte cache size 
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Expected latency of nread64 

Operation 

copy request header 

interface -> node chip 

transfer request 
processor -> memory 

copy request header 
node chip--> interface 

copy response header 
interface -> node chip 

copy response data 
interface -> node chip 

transfer response 
memory -> processor 

copy response header 

node chip -> interface 

copy response data 

node chip -> interface 

subtotal 

total transaction 
( ns) 

1164 1 header (20) + 5 link/node delays (5*10) 

2 response (84) + 5 link/node delays (5*10) 

147 



nread64: simulation results 
• lightly loaded (5 µs between reads) 

•Minimum latency: 1164 ns (as expected). This is almost equal 
to the average latency, indicating low SCI utilisation (no 
"collisions"). 

• Processor input bandwidth of= 10 Mbytes/s follows from 
delays between successive operations ( 64 bytes every 1.164 + 
5 µs). 
Memory output bandwidth of= 90 Mbytes/s is below its 
theoretical limit of 120 Mbytes/s as determined by its 
dead-time: 480 (interface)+ 20 (header)+ 50 (ring delay for 
echo reception) ns. 

•SCI link utilisation ( = 140 Mbytes/s on memory output link) 
consistent with loading; absense of "retry" load. 

•moderately loaded (1 µs between reads) 
• Average latency well above minimum latency, indicating 

loading of the interconnect ("collisions") 
•Memory output bandwidth ( = 120 Mbytes/s) at its theoretical 

maximim; this restricts the processor input bandwidth to= 13 
Mbytes/s (1/9nth of memory bandwidth) 

• SCI link utilisation high. Peale rate ( = 700 Mbytes/s) on input 
link of memory, caused by processor requests; many of these 
are "retries" because of memory saturation. 

•heavily loaded (no delay between reads) 
• Average latency large ( = 5 000 ns) and larger spread 

indicating heavy loading. 
•No change in memory /processor bandwidth with respect to a 

moderately loaded system (saturation) 
• SCI interconnects close to saturation at = 800 Mbytes/s. 
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Coherency Simulation 
Implementation 

• Transactions are implemented in MODSIM as 
asynchronous "TELL" methods 

• Coherent transaction generate several 
elementary SCI transactions 

•IEEE C-code ("synchronous") determines 
transaction sequence as a function of: 

• cache state (defined by cache tags) 
• memory state (defined by memory tags) 
• optimisation level (standard defines minimal, typical and full 

set. Vendor specific optimisations are foreseen). 
• Coherent cache operations 4 phases: 

• find a cache line (no transactions) 
•setup phase (may generate multiple transactions) 
• execute phase (no transactions) 
•cleanup phase (may generate multiple transactions) 

• measured latencies 
•do not include the cleanup phase (assumed to be in parallel 

with processor execution) · 
• memory states, cache states, transistions 

• memory states: 12 (full), 3 (typical) 
• cache states: 137 (full), 24 (typical) 
• memory commands: 13 (full), 5 (typical) 
• cache commands: 49 (full), 9 (typical) 

• processors accessing a cache in a transient 
state go into a "spin loop" 
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''Typical" Cache Load 

• TypicalFindLine 
• Find a cache entry. May result in a transaction 

TypicalRolloutEntry. 
• TypicalLoadSetup 

•Request a cacheline from memory (mread64). Memory either 
returns the cacheline, or refers the requester to another cache, 
resulting in another transaction (cread64). 

• TypicalLoad 
• Does not involve other transactions. data is now available to 

the processor or cache controller. latencies are measured from 
the beginning (Typical FindLine) till this point (data 
available). 

• TypicaICleanup 
• Sharing list insertion (establishing the correct pointer chain) 

may requires another transaction, contributing to cache "dead 
time". 
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mread64: Preliminary 
Results 

• latencies 
• Minimum latency is identical to the noncoherent latency 
• Average latency determined by 3 transactions (one to roll out 

a used cacheline, one to memory to identify the data source, 
one to another cache to obtain the data), resulting in === 2300 
ns 

•Maximum latency can be much higher, due to transient cache 
states (cache not yet settled) resulting in "spin loop 
transactions" ( === 6500 ns). 

• For moderately and heavily loaded systems, these loops are 
excessively long (60 - 300 µs ! ! !). Needs further 
investigation. 

• memory/processor bandwidth 
• As expected, the load on the memory is diminished by a 

factor 2-3 and spread over the caches. 
•There are read and write operations to memory/caches, due to 

cache flushing. 
• Because of longer latencies, processor input bandwidth is 

reduced (there may be additional dead-time after a cache has 
received its data during the cleanup phase). 

•Anomalous latencies cause processor starvation. Needs 
further investigation ! ! ! 

• interconnect bandwidth 
• peak rates on links is reduced, but the average over all links is 

higher, due to "spreading" of memory bandwidth. "Spin 
loops" may generate some "retry" traffic. This is confirmed 
by the total traffic on all links: 

• noncoherent system: 0.93 Gb/s raw, 0.47 Gb/s net 
• coherent system: 1.23 Gb/s raw, 0.23 Gb/s net. 
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Simulation of SCI protocols in ModSim II 

Modern system design relies more and more on computer modelling and the 
Scalable Coherent Interface (SCI) is no exception. Different tools are used 
to simulate different aspects. The standard is defined by the IEEE as 
executab:e c-code, which allows conformance verification. VERILOG has been 
used by ~olphin Server Technology (Oslo, Norway) to design the SCI •node 
chip• in:erface. The behavioural simulation of the node chip in VERILOG 
has been cross checked against results obtained from the IEEE c-code using 
identical stimuli. The latter required a multi-thread environment which was 
provided by the SUN/SPARC implementation of "light weight processes•. 
The Department of Informatics of the University of Oslo has used models 
written in both SIMULA and C++ to model small SCI based systems. 

At CERN we have used ModSim II to model large ( > 1000 nodes) SCI based 
Data AcqJisition Systems for LHC. The model simulates accurately SCI protocols 
at the packet level. Since SCI packets vary in size, the simulation is 
necessarily asynchronous with a typical time resolution of - 50 ns 
(the average packet length at transmission speeds of one Gbyte/s). 
The simulation program (SCIMP, SCI Modelling Program) typically calculates 
the traf!ic on SCI interconnects, the flow of data in and out processors or 
memories in a network consisting of SCI rings and interconnects. The model 
takes into account SCI protocols for bandwidth allocation {roughly the 
equivalent of arbitration in bus based systems) and retransmission of packets 
to overloaded SCI memories or processors. Recently, work has started to 
include cache coherency in the simulation. 

The different simulations are complementary. SCIMP does not simulate the 
content of packets which are exchanged between SCI nodes. although it 
could easily be extended to do this. It does not simulate the exact details 
of how the hardware emits or strips symbols of the interconnect. SCIMP models 
the load on an SCI network, but does not generate test patterns. 
Recently, the Physics Department of the University of Oslo has acquired 
ModSim with the aim of providing more functionality for the simulation of 
LHC Data Acquisition systems. 

The experience using ModSim, the design of SCIMP. results obtained so far 
will be presented. 

ModSim is a trade mark of CACI Products Company (La Jolla, Ca.) 
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Visual Design with vVHDL 

1 Introduction 
Computer-aided design (CAD) tools revolutionized the design of electronic components by allowing 
convenient management of large amounts of data. Hardware description languages (HD Ls) are an 
important component of CAD tools. An HDL description of a design is a precise representation 
that can be used for documenting, communicating, and simulating the design. Modern HD Ls allow 
electronic designs to be described structurally and/or behaviorally and thus provide an effective 
mechanism for developing designs as they evolve from abstraction to reality. 

One difficulty in using HDLs to develop designs is the cumbersome nature of the HDL syntax. 
An HDL describes a complex, multifaceted system using a one-dimensional textual representation, 
which results in the obfuscation of many aspects of the design. One way to improve the usability 
of HDLs is to employ a visual language that represents HDL constructs graphically, rather than 
textually. A visual language "program" is a two-dimensional arrangement of pictorial elements. A 
visual hardware description language makes an HDL easier to use by providing a graphical interface 
to the language. 

A visual approach to hardware design is very natural. Traditionally, engineers have developed 
hardware descriptions based on schematic circuit diagrams, which are a visual notation. Although 
these diagrams are very useful for describing gate-level designs, complex systems also require 
modeling components in terms of behavior, to allow for simulation and testing throughout the 
design process. Our goal is to develop a visual language for hardware design that allows the 
graphical specification of both structure and behavior of hardware components. 

We have developed a visual programming language based on the VHSIC Hardware Description 
Language [l] (VHDL), which may be thought of as providing a visual syntax for the VHDL. 
language. The visual syntax makes it easier for engineers to develop designs by easing the burden of 
programming in VHDL, and by providing a uniform visual approach to creating models combining 
structure and behavior. The underlying computational model is VHDL, and the semantics of the 
visual language are defined by a translation into textual VHDL code. 

The development of visual VHDL (vVHDL) is the consequence of research in complex system 
design for the SDC[2] of the Superconducting Super Collider project. This paper demonstrates 
the use of vVHDL for an example taken from the SDC. The visual representation of a part of 
a data collection circuit, along with the VHDL code generated from the pictures, are described. 
Our experience in developing this design has shown that a visual approach to hardware description 
languages ca.n have clear benefits in the development and understanding of system designs. 

This paper presents the use and syntax of the vVHDL language. Section 2 gives the motivation 
and goals of vVHDL as well as an introduction to visual programming languages. Section 3 
introduces the vVHDL language and its syntax. Section 4 contains an example of a FIFO designed 
using vVHDL. Finally, Section 5 discusses some conclusions and future directions for vVHDL. 
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2 A Visual Language Approach to Hardware Description 

2.1 vVHDL Motivation and Goals 
A great deal of research effort has been devoted to providing an integrated programming environment 
for VHDL [3, 4, 5). In addition, several commercial CAD vendors (Vista Technologies, Vantage 
Analysis Systems, Ascent Technologies, i-Logix, Inc., etc.) have released improved VHDL tools 
that address many of the difficulties inherent to textual VHDL. However, all of these attempts 
share the common failing that they lack a formal visual grammar and do not allow a complete 
visual representation of VHDL. vVHDL endeavors to rectify these shortcomings. 

The prototype of vVHDL was developed with the following goals in mind: 

• To be easier to use and understand than textual VHDL. 

• To provide for visual mixed-level models at all levels of the design process that schematic 
capture tools do not allow. 

• To create a visual representation for electronic designs that will be understandable to the 
VHDL non-user. 

• To alleviate the burden of VHDL syntax constraints. 

2.2 Visual Programming Languages 
Visual programming languages form programs by combining graphical symbols such as lines, circles, 
rectangles, and text f ~ a.gments. A visual program is a picture specifying a computation. A visual 
program is not an arbitrary picture, but rather a diagram constructed according to a set of rules 
describing the class of valid diagrams. A visual programming language is a family of diagrams. 
The rules specify the syntax of the language. 

Classical examples of visual programming languages include flowcharts, dataflow diagrams 
and finite state diagrams. Recent research has investigated visual programming languages in 
a wide variety of application domains, including object-oriented programming [6], concurrent 
programming [7], image processing [8} a.nd data structures [9]. Two key factors distinguish visual 
programming languages from traditional textual programming languages: · 

• Programming languages such as C use text to form the lexical elements (e.g., identifiers, 
operators, constants). Visual languages use graphical elements such as shapes, icons, and 
lines, as well as pieces of text, as the basic constituents of a program. 

• In a textual language, a program is a one-dimensional string, while in a visual language a 
program is arranged as a multidimensional picture (typically two- or 2.5-dimensional). 

2.3 The VHDL Model 
Before vVHDL could be designed, a consistent classification of the available constructs had to be 
developed. We use the term design units to refer to the most important VHDL constructs: entity, 
architecture, package, package body, a.nd configuration. An entity is a "bla.ck-box" description of a 
component. An architecture is a.n implementation of the function of a.n entity. There ca.n be ma.ny 
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architectures for a given entity. A package describes a related set of definitions. The package body 
gives implementations for the functions and procedures included in the package. A package has 
only one package body. Fina.lly, a configuration ca.n be used to specify the architecture& to be used 
for components in an entity. An entity may have any number of configurations. 

The remaining VHDL constructs occur within the scope of a design ·unit. The constructs have 
been prioritized, based on user experience and a study of commercial products. Constructs with 
higher priority are more easily accessible to the designer and have a simpler representation in the 
visual language. Constructs will be added to the prototype visual VHDL tool in order of priority. 

3 vVHDL - A Visual Design Tool 

3.1 The vVHDL Language 
In designing a visual language, it is important that the language both redundantly record the 
important information and reveal the underlying meaning [10). vVHDL uses the Shape and Flow 
paradigm to achieve this goal. In this paradigm, similar VHDL constructs have similar shapes, and 
flow in sequential statements is shown with arrows in very much the same way as a flow chart. 

The Shape and Flow paradigm represents encoded information in a way that is relevant by 
choosing shapes and icons suggestive of the objects they represent. It redundantly records the 
important constructs by representing similar objects with similar shapes. The representation reveals 
the underlying meaning by representing concurrent and sequential statements with different shapes, 
and the prominence of the primitives reveals the hierarchical nature of VHDL constructs. Thus, 
the function of a vVHDL program is contained in its topology, and it is not necessary to refer to the 
textual details. The following sections describe the relationship between the vVDHL primitives. 

3.2 Declarations and High Level Primitives 
There are several constructs in VHDL that are used for declarations. These include the design 
unit that is used for declaring a primary unit, the entity decla.ration that is used for declaring 
the interface to a design, and the package declaration that is used for declaring the interface to a 
package. Because of their simila.rities, declaration units in vVHDL have a thick rectangle as their 
main component as shown in Figure 1. These particular components are referred to often in the 
design process, and the thick box makes them stand out so that they are easily located. 

The most important abstract structures in VHDL are the entity declaration and the architecture 
body. Therefore, these two primitives should possess a distinctive shape. As shown in Figure 2, 
both constructs are composed of a large rectangle topped by a smaller rectangle, and both are 
identified by the entity name in the upper rectangle. 

Another pa.ir of related primitives, the architecture body and the package body, are used to 
specify the behavior of items declared previously. Figure 3 shows these two constructs. Both 
the architecture body and the package body primitives are drawn with a thin rectangle as their 
dominant shape. Thus, these constructs have similar shapes and are less obvious than their 
respective declaration units. The hierarchical relationship between the primitives is emphasized 
by making them less conspicuous. 
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Figure 3: An Architecture Body and Package Body in vVHDL 

3.3 Sequential and Concurrent Statements 
Another group of related primitives are the concurrent statements shown in Figure 4. There are 
six concurrent constructs supported: the process statement, the block statement, the concurrent 
procedure call, the internal and external signal assignments, and the component instantiation. 
The dominant shape of these figures is a rectangle with rounded comers. The lines are thinner 
than the rectangles used in the architecture body which shows that concurrent statements must 
be contained by architecture bodies. An optional label may be placed in the rectangle atop the 
concurrent statements. 

The sequential statements, in Figure 5, are similar to the concurrent statements. Sequential 
statements have a rectangle as their dominant shape to distinguish them from the concurrent 
statements. This rectangle has the same thickness as concurrent statements to show that sequential 
and concurrent statements are comparable. 

The final set of similar primitives are the assignment statements. VHDL allows assignment 
to both internal and external signals and variables, and both sequential and concurrent signal 
assignments are permitted. The assignment statements are shown in 'Figures 4 and 5. Each of 
these constructs has three internal components: an upper rectangle, a lower rectangle and an icon. 
The upper rectangle holds the name of the signal or variable that is being assigned to, the lower 
rectangle holds the value that is being assigned, and the icon represents the kind of the assignment. 
An internal signal is represented by a bus icon, an external signal is represented by an airplane icon, 
and a variable is represented by a bucket icon. The shape of the external part of the assignment 
statement depends upon whether it is a concurrent statement or a sequential statement. 

3.4 The vVHDL Programming Environment 
A visual programming environment is a tool for the construction, manipulation and execution 
of visual programs. One problem in the development of new visual programming languages is 
the difficulty in producing environments for visual programming. Traditional tools for processing 
programming languages, such as editors, compilers and programming environments, are text-based. 
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Visual programming languages, by nature, require the use of graphical interlaces for manipulating 
programs. 

We have ~onstructed an environment that allows the visual specification of a component design 
with a picture and that generates textual VHDL code corresponding to the picture. The overall 
approach to building the environment is based on combining a graphical editor tailored to vVHDL 
with a compiler for the vVHD~ language. The architecture of the system is shown in Figure 6. 

vVHDL 
Edit.oz 

vYHDL 
Compila 

Figure 6: The vVHDL ·Design System 

IEEE 107c5 
VHDLCo 

CAD 
Tools 

The vVHDL editor is constructed using the Palette system (11), which is a reconfigurable editor 
for visual programs. It provides the underlying capabilities of a graphical editor, including the 
overall editor framework, automatic display fa.cilities a.nd simple editing functions. Palette also 
defines a framework for customizing an editor to a specific visual language. The editor for vVHDL, 
which is referenced in Section 4.1, was constructed by defining the graphical shapes that are found 
in the vVHDL language. 

In addition to the editor, a compiler for the vVHDL pictures was constructed. The vVHDL 
compiler is responsible for analyzing the picture to determine the syntactic structure (i.e., parsing 
the picture) a.nd then translating the picture into IEEE 1076 VHDL code. This code ca.n then be 
used by most commercially available CAD tools. 

4 Designing with vVHDL - a FIFO 
The use of vVHDL for electronic design is best demonstrated by a realistic example. In this 
section, a.n original design of a cascadable FIF0[12) is presented. The vVHDL tool has been used 
to create a VHDL model of a large portion of the design. This example illustrates some of the 
concepts of the visual design environment, a.nd shows its advantages over conventional electronic 
CAD environments. 

4.1 The Example Design 

A FIFO allows systems with different clock rates to be interconnected. In large, high speed data 
acquisition systems the FIFO is used frequently, a.nd it is essential that it be fast as well as reliable. 
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This cascadable FIFO was designed to be fully testable, easily reconfigurable in real time and highly 
fault tolerant. 

A block diagram of the cascadable FIFO is shown in Figure 7. The figure includes components 
for the empty/full logic and the read/write logic finite state machines, the tristate output 
RAM, and the write and read counters. The diagram shows the connectivity of the components, 
but does not describe the nature of the signals transmitted between components. For example, the 
datLin and data-0ut signals of the RAM are tristate, while all other signals are two state signals. 
In addition, it is not clear that the write and read counters are identical components. 

A mixed-level model of the FIFO has been constructed using vVHDL. Figure 8 shows the 
vVHDL fifo entity declaration which describes the interface of the design to other elements. The 
nature and the direction of the interfacing signals are clearly shown by this picture. This figure 
also shows the vVHDL editor. Figure 9 shows the vVHDL representation of the architecture 
body corresponding to the FIFO. This architecture includes several component declarations and 
instantiations (eftogic, counter, RAM16x4, and rwlogic) along with their incoming and outgoing 
signals. In vVHDL, signals are bound to ports by their position on the component in the following 
way: the signals in the component declaration are bound to the signals the component instantiation 
in order from top-left to bottom-left to top-right to bottom-right. While this is somewhat limiting, 
it greatly simplified the prototype design. In future versions of vVHDL, components will be 
more flexible. In addition to components, concurrent procedure calls (wc...a.nd, rc...a.nd), concurrent 
assignments to internal signals ( compar, wrstr ...a.nd, rdstr ...a.nd), and concurrent assignments to 
external signals (Xout..or), are shown in this example. 

One design requirement of the FIFO is the capability to indicate to the external interface when 
it is full or empty. A state machine is used to implement this function. The state transition diagram 
for this machine is shown in Figure 10. The outputs are empty and full, and the inputs are wr...stb, 
rd...stb, and equal. The equal input is true when the outputs of the read and write counters are 
equal. The state transitions occur at the falling edges of wr..stb and rd..stb. The vVHDL model 
for the state machine entity is shown in in Figure 11. The vVHDL case statement representing the 
state machine is shown in Figure 12. It is important to note that in all of the vVHDL pictures 
the designer is freed from having to worry about synta.x details such as semicolons and begin/end 
statements. 

4.2 Compiling to VHDL 
Once a vVHDL picture has been drawn, it can be translated into VHDL code. The visual synta.x of 
the vVHDL language and its translation to VHDL code are defined by an object-oriented picture 
layout grammar. C++ classes and functions are defined for each of the vVHDL primitives. These 
are used in the grammar to specify how the picture should be parsed. The grammar is processed 
by a spatial parser generator to produce the vVHDL compiler. Finally, the vVHDL compiler is run 
on the picture. The compiler produces a parse tree from which textual VHDL code is generated. 
This code is equivalent to conventional VHDL code and serves all of the same purposes. 

The state machine is modeled by a case statement, with branches for each value of the current 
state. In each branch, the possible transitions are modeled by if-then-else statements which 
check the value of some inputs and assign the correct next state. Each branch also contains 
assignments to the outputs empty and full. The vVHDL model is a clear representation of the 
states of the design, the possible transitions, and the outputs. 
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Figure 11: vVHDL Model of the eflogic Entity 

4.3 Simulation 
The state ma.chine implementing the empty /full logic was designed and compiled to VHDL using 
vVHDL as described in the previous section. This code can ·be found in Appendix A. The VHDL 
model was then simulated using the Vantage Spreadsheet software[13), The test vectors were 
constructed to show the various state transitions. As shown in Figure 10, not all transitions occur 
at the same clock edge. For example, the transition from SO to S1 occurs at the negative edge of 
wr..stb, while the transition from S3 to S2 occurs at the negative edge of rd..stb. Thus, if a wr..stb 
occurs during state S3 then no transition is made. One way to implement this is to treat the clock · 
signals as inputs to the next state logic of the state machine. 

The resulting waveforms are shown in Figure 13. Rst is the external reset signal conncected 
to the RSb port which initializes the state to SO. The results verify the state transitions shown 
in Figure 10. The results also show that the transitions occur at the correct clock edges. In this 
example, we have shown that the vVHDL tool can be used to construct a VHDL model of a realistic 
design. The VHDL code generated from the vVHDL model can be compiled and simulated using 
existing CAD tools. 

5 Discussion 
A visual programming language for VHDL has been developed that significantly reduces the 
syntactic burden of textual VHDL, retains the inherent multi-dimensional aspects of hardware 
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Figure 13: Simulation Output for the eflogic 

description, and allows for mixed-level designs. In addition, it provides a clear, overall picture of 
how various components in a design are interconnected. This is especially useful in designs with a 
large number of strongly interconnected components. It helps in understanding the functionality of 
the design and makes it easier to debug and/or modify existing designs. An example was shown of 
the use of vVHDL to design and simulate a low level component of a large data acquisition system. 
We intend to use vVHDL to design the entire system and to communicate and share models with 
the other members of the SDC collaboration. 

The most significant difficulty with the curre11t vVHDL prototype is handling large designs. 
Large designs are problematic because their visual representations are hard to view and manipulate 
on normal computer screens, and because they are difficult to print on standard printers. The 
viewing problem will be resolved by allowing modular design and by hiding the details in an 
existing picture. The printing problem will be addressed by allowing multi-page printing. 

The current version of vVHDL is only a prototype. In the future, we plan to extend vVHDL 
to cover the complete VHDL language, rather than just a subset. In addition, the vVHDL 
prototype is closely tied to the textual representation of VHDL, and while this simplified the 
initial implementation, future versions should rely more heavily on visual representations. For 
example, visual declarations, which are not currently supported, should be implemented. In order 
to make vVHDL look more like a schematic editor, future versions could allow the use of standard 
engineering symbols for· structural descriptions. Finally, the modifications discussed concerning 
components should be implemented. 
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7 Appendix A: VHDL Code for eflogic 

library pack; 
use pack.handy3.all; 
entity eflogic is 

port(vr_stb : in mmvl; 
rd_stb : in mmvl; 
RSb : in mmvl; 
equal : in mmvl; 
full : out mmvl :• '0'; 
empty : out mmvl :• '1'); 

end eflogic ; 

architecture efmoore of eflogic is 

type ef_state is (SO, S1, S2, S3); 
signal c:i:nt_state : ef_state :• SO; 
signal next_state_I : ef_state; 

begin 

ef: process(crnt_state,equal,RSb,vr_stb,rd_stb) 
begin 

if (RSb • '0') then 
next_state_I <• SO; 

else 
case crnt_state is 
vhen SO •> 

if (vr_stb • '1') then 
next_state_I <• S1; 

else 
next_state_I <• SO; 

end if; 
empty<• '1'; 
full <• '0'; 

vhen S1 •> 
if (equal • '1') then 

if (rd_stb • '1') then 
next_state_I <• SO; 

else 
if (vr_stb • '1') then 

next_state_I <• S3; 
end if; 

end if; 
else 

if (rd_stb • '1') then 
next_state_I <• S2; 

else 
next_state_I <• S1; 

end if; 
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end if; 
empty <= '0'; 
full <• '0'; 

when S2 •> 
if (equal • '1') then 

if (rd_stb • '1') then 
next_state_I <• SO; 

else 
if (wr_stb • '1') then 

next_state_I <• S3; 
end if; 

end if; 
else 

if (wr_stb • '1') then 
next_state_I <• S1; 

else 
next_state_I <• S2; 

end if; 
end if; 
empty <• '0'; 
full <• '0'; 

when S3 •> 
if (rd_stb • '1') then 

next_state_I <• S2; 
else 

next_state_I <• S3; 
end if; 
empty <• '0'; 
full<• '1'; 

end cue; 
end if; 

end process ef; 

feedback: process(wr_stb,rd_stb,RSb) 
begin 

if (RSB • '0') then 
crnt_state <• SO; 

else 
if ((not wr_stb'stable) and (wr_stb • '0')) then 

crnt_state <• next_state_I; 
end if; 
if ((not rd_stb'stable) and (rd_stb • '0')) then 

crnt_state <• next_state_I; 
end if; 

end if; 
end process feedback; 

end efmoore; 
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Let us consider the path of trigger data flow from a 
collider detector through the output of the level 2 trig-

. ger processor, assuming for now that there is no level 
O trigger processor. 

Level.1 .......... BvffM ........ Leve{ 2 " 
-;ii' / 

There are then four characteristic times (or frequen-
cies) which determine the data flow 

• The bunch ·crossing interval 

• Level 1 processor decision time (constant) 

• The mean interval between the events passed by 
level 1 

• Level 2 decision time (for now assumed to be con-
stant) 

H.Kasha DAQSim 92:2 
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The bunch crossing time for the SSC is 16 ns, and 
for the upgraded (1995) Tevatron might be as short 
as 132 ns. Level 1 and 2 decision times are typically 
expected to be of the order of 1 and 10 µs respectively. 

Level 1 processor (in the absence of a level 0) has to 
contend with a queue of the order of 10 (FNAL) or 
100 (SSC) events waiting to be processed. A pipelined 
synchronous processor clocked by the bunch crossing 
frequency of sufficient depth is then needed. 

The level 1 rejection ratio must be such that that the 
mean interval between two events passed by it be at 
most equal to the level 2 decision time, if we want to 
avoid building another pipelined processor. However, 
even if such a rejection factor is achieved, a buffer is 
still needed to avoid loss due to the statistical distri-
bution of the inter-event times around the mean. 

The present. simulation is devoted to the study of such 
a stochastic buffer. 

H.Kasha DAQSim 92:3 
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Modeling the system 

MODSIM II is used, which keeps track of the various 
events and processes in "simulation time". 

There are two independent clocks: 

• Bunch crossings: every 132 ns 

• Level 2 checks the buffer for events every 50 ns 
(unless busy processing an earlier event) 

The level 1 and level 2 decision times were set to 
1.2 µs and io µs, respectively. 

H.Kasha DAQSim 92:4 
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The level 1 rejection ratio and the buffer depth are 
adjustable input parameter. K is the ratio of the level 
2 decision time to the mean inter-event interval passed 
by levell. Histograms 1 and 2 show the inter-event 
interval distribution for K = 1 and K = 2.2 . 

We will see that the parameter K, which is a function 
of the level 1 rejection ratio, determines the dead time 
and the buffer occupancy. 

Histograms 3 and 4 represent the occupancy of a 32 
event deep buffer for situations with K = 1 and K = 
1.1 . 

The next transparency represents the dead time of the 
system as a function of the buffer depth and the pa-
rameter K. 
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Conclusions 

• Trigger processors must not be oversaturated 

• Relatively shallow buffers can be very helpful in 
preventing or reducing the dead time due to sta-
tistical fluctuations in the the event interarrival in-
t e rv a I at the output of I eve 11 (or I eve I O) trigger 
processor. 

• MODSIM can be quite useful for behavioral and 
stochastic simulations 

H.Kasha DAQSim 92:6 
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SOC Trigger Simulations 

W. Temple, W. Smith, J. Lackey, 
T. Gorskii, S. Dasu 

University of Wisconsin-Madison 

Topics: 

o SOC Level 1 Trigger concepts 

o Jet Trigger Studies 

o Electron Trigger Studies 
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SOC TRIGGER SYSTEM 

Requirements: 

Input Rate: l 08 Interactions per second 
(average 1.6 interactions per 
16 nsec bunch crossing) 

Output Rate: 50 - l 00 Hz can be written to tape 

Physics Rate: 50 Hz of Top, W's, Z's 
(Liffle Spare Bandwidth) 

~ l 06 Rejection needed 
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I\) 

~I 

• 

Full Event Data 

Ll 
BUFFER 

108 Interactions/second@ 1033 

l 0 9 Interactions/second @ 1034 

60 MHz beam Crossing Rate 

DETECTOR 
-------- Trigger Data Subset --------------, 

Ll 
TRIGGER 

I 
I 

accept 10 Kllz to 100 KHz : 
~-------------------------------------------------------------------· 

: Fixed Decision Time 
1 16 nsec/Decision 
1 3-4 µsec Latency ------------------------------- 1 1 K to 1 OK Rejection 
~ 

L2 
BUFFER 

• 
L2 

TRIGGER 
I 

.... 

: 1 Variable Decision Ti1ne 
<E-. '.1.~~~P.~ __________________ : _! __ !_{:~~ _________________________ _j : I 0 µscc/Dcci s ion (avg). 

Trigger Data 1 10-50 µsec ~ate!1cy 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 10 to 100 Rejection 
1 100-1 K MIP-sec Processing/Event 

__ _..L._3____ 105-106 MIPS Total Processing Power 
FARM 10 to 100 Rejection 

Output: 10-100 Events/sec@ 250 KB - 1 MB per event 

MASS 
S'fORAGE 

• • fl 
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,...., 

Philosophy: 
Local: 

SOC TRIGGER PRINCIPLES 

Signatures of e's, y's, µ's, jets 
in n x <P regions 
(ex: v's) 

Measurably Efficient: 
Overlapping Programmable Triggers 
Prescaled Lower Thresholds 
Prescaled Triggers w/ less conditions 

Efficient Use of DAQ Bandwidth: 
Efficient Lepton and Jet Identification 
Consistency with Offline Cuts 

Benchmarks for Trigger Performance: 
e's, µ's from inclusive W's, Z's: 

SOcro efficiency (cut on lepton Pr) 
Jets, y' s at high Pr: 

1-2 decade overlap with lower ~s data 
Missing Er: 

Good efficiency for channels such as: 
H ~ 2f2v 
SUSY particles 

Low Pr multileptons: 
B Physics 
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SOC TRIGGER LEVELS 

Level 1: 
Identify Physics Objects: 

Electrons 
Photons 
Muons 
Taus 
Jets 
Neutrinos 
Combinations of Above 

Level 2: 
Refine Identification of Physics Objects: 

Sharper Pr Cuts 
Electrons From Conversions 
Muons from Decay/Punchthrough 
Refine Energy Sums/Clusters 
Displaced Vertices 

Level 3: 
Full Physics Analysis/Decisions: 

Specialized Algorithms 
Heirarchy of Decisions 
DST-type cuts on Physics 
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LEVEL l 

Electrons & Photons: 
Find (.1 x .1) Cal Towers with E9 m > Thr 
Require Ehacf Eem < .04 - . 10 
Option: Pattern of surrounding quiet towers (isolation) 
y's: Match w/Shower Max in .211 x .2cj> . 
e's: Find Outer Track Segments w /Pr > 10 GeV /c 

Match Track Segments w /Shower Max in <I> in 1 /64 
Assign ~11 = 0.2 from Shower Max to Track 
Match Track w/Cal on ~11=0.2, ~<!>=0.2 

Muons: 
Muon Tracks from Scint + 0-layers w /Pr > 10 GeV /c 
Option:Find Central Tracker Sgmts w/Pr > 10 GeV/c 

Jets: 

Match w/Muon cj>-layer Track Sgmts in 1 /64 
Use Momentum cut on Central Tracker Pr cut 
(Use Scint to associate <!> and 0 tracks) 
Match Track w/Quiet Cal on ~11=0.2, ~<!>=0.2 

l .6 x 1.6 grids of overlapping towers > Ethr 

Neutrinos: 
Sum Missing Er over .1 x .1 Towers> Ethr 
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Level 1 systent segn1entution nn<l trigger iuforu1ntion. 
-------------------

Suhsystc111 'l'utal cha.n nels 
------·-----------·-----------------
]Jarrel 'frack 
I 11 t.. 'fr ark 

Barrel Cn I. 
Endcap Cal. 
Forward Ca.I. 

Sl1ower l\lnx. 

64</J x 217 
()1( cP X 2 Cll ds 

6,.1</J x 2817 
64c/J x J.'117 x 2 ends 

8c/J x 1J17 x 2 ends 

CHq> x :1017 

L l segnte11 ta.ti on 

0.1</J 
U.Jq'> 

0.1 <P x 0.117 
O . .lc/J x O.b7t 
O.Bc/J x 0.81J 

O.lc/J x 0.217 

L l data. 

2 Pt bits 
l Pt bit 

8 bits ElVl c.'<l HA C Energy 
8 bits g1\l & IIAC Energy 
8 bits El\l & IIAC E11crgy 

Hit Flags 
-- -·-·---· - -··· -·-----· ----····-------··-------------------------------g Bnrrel l\luo11 :J2c/> x 1017 
Int .. & Fwd. l\l uo11 :J'2c/J x 817 x 2 ends 

0. 2c/J x 0.217 
0.2c/J x 0.217 

2 Pt hits x 2 t.racks 
2 Pt bi ts x 2 tracks 

------------------ ---------------------------------------------------------------·--------·--·------·------··. - --·- ----- ------- --- ---------------------------------·-------------------- ---·----------·------·-- --· - ---··· -

i For 1111 > 2.2, t.lic 11 and c/J trigger tower tliu1ensiuns switch to 0.2 n.ud tlic11 to OA . 
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Rate: 

LEVEL 1 TRIGGER STUDIES 

Level l Rate Target= 30 KHz 
15 KHz each for C81. end Muon Triggers 
For Cc10rimeter, total rate is sum of: 

single e's 
single y' s 
pairs: ee, ey, "rY 
jets 
gT 

L:? Target Rate of 3 KHz for single object triggers 

Study Calorimeter Triggers : 
Find threshold for e, y, jet, ~T => 3 KHz 
Examine threshold vs. trigger conditions 
Examine efficiency vs. Er 
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Event Generation 

o ISAJET to generate events 

120000 QCD 2-jet events from 
20-200 GeV fore-study 

20000 Drell-Yan W events 

20000 Drell-Yan Z events 

19000 QCD 2-jet events from 
20-400 GeV for jet-study - has better 
distribution of events over energy 

Minimum bias events corresponding 
to Poisson distribution with mean 1.6 
events per crossing; 16 events per 
crossing for higher luminosity 
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Detector Simulation 
Greg Sullivan, U. Chicago 

o Include y conversions, decays 
No Bremsstrahlung · 
Newer version has Brems. 

o Simple calorimeter parameterization 

o Tracking thresholds only 
Newer version has more realistic 
tracking efficiencies 

o 11-coverage 11< 3.0 for calorimeter; 
and 11< 1.6 for tracking 
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L 1 Trigger simulation 

o Complete baseline design electronics 
simulation 

o Includes: 

Threshold cutoffs 

Local calorimeter ene~gy sums 

Isolated electron search 
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...... 

Jet Trigger Study 

o What size grid of energy sums is 
optimal for finding jets? 

o Should overlapping grids of jet 
towers be used or will non-
overlapping towers suffice? 

o How will increased luminosity of 1034 
change the performance of trigger? 

o Is the type of integer scale used for 
energy summing affect the results? 
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JET TRIGGER RATES LUMINOSITY 1033 
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Jet Trigger Efficiency- Luminosity 1033 
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Electron Trigger Study 

o Effect of Hadronic/Electromagnetic 
energy deposit ratio cut 

o Effect of transverse isolation 

o Effect of track requirement or photon 
trigger. 

o How will increased luminosity of 1034 
change the performance of trigger? 
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Representative level 1 trigger Et thresholds. 

Trigger 

Jet ( 1.6 x 1.6 sun1) 
Electron 
Photon 
Muon 
Missing Et 
T·wo electrons 
T\vo photons 
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Threshold 

140 GeV 
20 GeV 
30 GeV 
20 GeV 
80 GeV 
10 GeV 
20 GeV 

.. -

-
-

··-

-

,-

-
-

-
-



Conclusions 
o SOC L 1 trigger simulations indicate 

that the goals of reducing the 
interaction rate from 108 down to 
more manageable 1 o4 - 1 o5 can be 
met in the current baseline design, 
with good efficiency for interesting 
events. 

o SOC L 1 trigger simulations indicate 
that may be gains to be made, using 
wider grids for tower energy sums in 
jet trigger; and using transverse 
isolation criteria for electron trigger. 

o These gains are better realized at 
higher luminosity. 

o More studies, including better 
simulation of detector response, in 
particular for tracking, are needed. 
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Bound ry Con d i t i on s 

• 1 00 mi 11 ion interactions/ second 
16 nS bunch spacing 

• Physics Rate @ 10 33 

w • µv 10 Hz 

w • ev 10 Hz 

t t 20 Hz (M 

-40 Hz. 

• Rate to Tape 

1 O's - 100 Hz 
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I I Level 1 
Level 2 

10
8 

Hz 
\? - 40 Hz 

/! - Physics 

DAO I Level 3 

• Tape speed - Physics rate 
Fina 1 Trigger 1eve1 must be c 1 ose to off 1 i ne cuts 
Full or nearly full reconstruction 
Lots of Ml Ps - must minimize rate into final level 

• 16 nS Beam spacing 
Fast Level 1, fixed algorithms 
Not enough reduction in 16 nS decision for readout. 

• 3 Leve 1 Trigger System 
Balance between Leve 1 1, Leve 1 2, Leve 1 3 
Simplify Level 1 - reduce rate for Level 2 (cost eff) 
Level 2 is programmable - reduce rate for DAO/L3 
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I\) 
w 
I\) 

f 

Event selection scheme 
Input ~ 

o~,,., 
• ~lele Identification : 
-> high Pl em. cluster 

• Clean partlcle signature 
->electron 

~I 
-> high Pl had. cluster 

Scope -> St/" track segment 
-> Stl" muon segment 
·Missing Et 

->photon 
-> Jet 
->muon 
-> single hadron 
-> topology flag 

Local pattem recognition Fine granularity 
and energy evaluation Transversal / longitudinal shower profile 
on fast macro granular Isolation , track segm~nt linking 

Information 4 Detector matching 
1 O -3 to 10• Global topology 

Algorithms ;. 

• Clear physics 
signature 

-> "Multlleptons" 
-> W's , Z's .,b 's ••• 

Partial event 
reconstruction and 

analysis 

•••••••••• 10 •
1 

to 10·
2 

~~ RJ- ci~ -#O,_scc. ,1;,J -;1/;:p1~!j~°!l/1~~1~{/.; 
63 MHZ 

_,- I I \l\:.ft·.t\t.ft\t•"t· _ .... .-- \1,\.1;-.1;-.1;·.1, ... .::·.:,\:.·;-. 

Q, ~ 
100 KHz 10 KHz 1 KHz 

\r.::! I I I - 1 o Hz 
6 ns 16µsec 160 µsec 1 .6 msec o. 1 6sec 

SDC level '- trigger -

'Pu { "'\ c.. lL Le. f><A.. 

• • • • • 
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Trigger Rate Simulation 

lsajet plus fast detector simulation. Uses 
parameterizations of detector response. 
( SDC note SDC-91-00099) 

Very fast Monte carlo ( 20 S/event on 3100/76) 

Includes: 

Multiple interactions 
Vertex position smearing 
Calorimeter response shaping function 
1t and K Deacys 
Photon conversions 
Tracking resolution and efficiency from 

full simulations of tracking trigger 
Calorimeter longitudinal & lateral 

show er f 1 uctuat ions 
Electron Bremsstrahlung 
Shower maximum detector parameterized 

from full simulation 
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I\) 
(A) 
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c 

T)=l.6 

2.21 

c 

n < l.6 

128 + towers 

Afl •.OS 

11 ~ 

f 

Simulation Parameters 
1.6 < n < 3.o 

trigger trigger 

-~·~ 64t 
64 + towers __,. 64 + towers 
AT) = 4 x .05 --.. 2 x 0 I 1 --_- Afl •0.1 4, x .075 2 x 0.15 

4 x .125 2 x 0 • 2 5 
2 x .2 1 x 0. 4 
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9~ 

25 Xo 
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.2 Xo 1. 7 

B•2T 
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CHECK OF SIMULATION USING 

SINGLE PARTICLES 
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1111 < 3.0 

SDC Level 1 
Trigger Rtaes 

33 
1 mb = 1 MHz @ 1 O 

Background Rates from OCD 2- jet events 
with 20 GeV < Pt < 200 GeV 
mixed with minimum bias events 
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Combined EM Trigger Rates 

e = e 1 ectron ; Had/Em < 0.05 , 
Track Pt > 1 O GeV matched 
in cp with tower 

2e = dielectron; Had/Em < 0.1 , 
Track Pt > 10 GeV 

y = photon; Had/Em < 0.05 

2y = di photon; Had/Em < 0.05 

TriJt.1:er Threshold (Ge V) Rate (kHz) 
e 2e I 21 @1033cm-2s-1 

20 10 30 20 9.8 
20 10 40 20 8.1 
25 10 40 20 5.0 
25 15 40 30 4.7 
30 20 45 30 3.8 
20 - - - 7.0 
- 10 - - 0.3 
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I 111 < 3.0 

Preliminary 
SOC Level 2 

Trigger Rtaes 

33 
1 mb = 1 MHz @ 1 o 

Background Rates from QCD 2- jet events 
with 20 GeV < Pt < 200 GeV 
mixed with minimum bias events 

NOTE: 

No Level 2 clustering Done - single towers only 

No Conversions removed - The level 1 rate is 
dominated by charged pion-neutral pion 
overlap and conversion electrons in approx. · 
equal proportions. 
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Cone l usi ons: 

LEVEL 1 

1 ) Level 1 cal ori m ter trigger rate on the 
order of 1 5 kHz looks alright. 

2) Level 1 Muon Rate of 15 kHz needs 
more work! 

LEVEL 2 

1 ) Pre l i m i nary rates l o o k o k for d i e l e ctr on 
and diphoton rates. 

2) Shower max -track match removes 
overlaps. 

3) Need work on reduction of rates using 
silicon to tag conversions. 

4) Clustering algorithms - sharpen thresholds. 

5) Need to demonstrate a reasonable L2 
rate. Set specs for DAO bandwidth. 

LEVEL 3 I DAO 

1) DAO bandwidths necessary/achievable? 

2) Can we get within a factor of 2 of the 
physics rates? 
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MODSIM Il & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II 

• Modular, Object-Oriented language for writing discrete 
event simulation models 

• Models written in traditional way - Pascal-like code 

SIMOBJECT 

• Graphical, object-oriented programming environment 
for simulation 

• More than a CASE tool 
• More than a code generator 

• c c • • c • t • c 
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MODSIM Il & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II - Future Enhancements 

• Persistent Objects 

• Improved SIMLAB 

• More Statistical Distributions 
N 

~ • Data Allocation Monitor 

• Performance improvements 

• User choice of discipline for Pending List 

. Improved Documentation 



MODSIM II & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II - Future Enhancements (cont) 

Persistent Objects 

• Provide ability to preserve instances of objects, records 
and arrays across runs of a program or for use by other 

m programs at a later time. 

. Persistent objects are preserved in a data base. 

• Nearly "transparent" to the user. 

c c c c c c • c c c c 
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MODSIM D & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II - Future Enhancements {cont) 

Improved SIMLAB 

• SIMLAB is a Graphical User Interface to tools 
comprising MODSIM II 

~ • Compilation manager for MODSIM II 

. MODSIM Module Browser 

• Portable across GUls on Unix workstations, Windows, 
OS/2 

• Takes on look and feel of local GUI environment 
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MODSIM II & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II - Future Enhancements (cont) 

Data Allocation Monitor 

• Audits NEW and DISPOSE of any data type 

• Helps to detect and track memory leaks 

• Optional compilation switch - no overhead unless 
needed for debugging 

• • • • • 4 • • • • 
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MODSIM Il & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II - Future Enhancements (cont) 

Pending List Discipline 

• Pending List (event list) now linear linked list 

~ • User will soon have choice of linear or b-tree ...... 

• User can optionally leave choice of discipline to system 
which will adjust dynamically within high and low 
threshold parameters 
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MODSIM Il & SIMOBJECT • CACI Products Company • Future Directions 

SIMOBJECT 

• Graphical, object-oriented programming environment 

• Currently under development 

• Structure of program maintained graphically using 
graphic meta-editor 

• Progr~m exists in a database, which can be queried 
about program 

• Code is encapsulated in graphical objects 

f f • • f • f • 4 • 
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MODSIM D & SIMOBJECT • CACI Products Company • Future Directions 

SIMOBJECT (cont) 

• System generates code for standard constructs and 
simulation objects which are inserted or inherited from 
other objects. 

• Generated and user-written code can be accessed, 
added to or embellished. 

• Program can be viewed at several levels of abstraction . 

• Highest level of abstraction can map to standard formal 
design methodologies. 



• 

MODSIM D & SIMOBJECT • CACI Products Company • Future Directions 

SIMOBJECT (cont) 

• Programming and simulation capabilities similar to 
MODSIM II 

. Changes to inheritance structure made graphically 
I\) 

~ • Need to learn & remember syntax reduced. 
Programmer can concentrate on programming 

• Inheritance specified by dropping one object type into 
another 

• NETOBJECT - simulation tool kit and environment built 
on top of SIMOBJECT 

-· • f f f f f • • • • 
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MODSIM II & SIMOBJECT • CACI Products Company • Future Directions 

MODSIM II Enhancements Under Consideration 

• Optional garbage collection 

• Two pass compiler. Would eliminate need for 
EXPORTTYPE and FORWARD statements. Further 

~ code optimization would be possible. 

• Interpreted development environment. Would provide 
further debugging capabilities. 
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c 0 d 
cad system 

use --design 

-
.. 

-

-

-
-

to· ·-

-

user does design -
cod system checks it 
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DESIGN AUTOMATION 

behavioral design 
-~/ d . a . sys t em ---

specification 

280 

\ 

user 

... 

-

.. 

-

-

-

-
-
-
-



c F 
0 1 
n o 
v 0 

e r 
n p 
t a 
i n 
0 
n 
a 
1 , , 

Behavior of System 

Language to 
Graph 
Translator 

Data Flow Graph 

Graph to 
Microarch. 
Translator 

Microarchitecture 
As a Graph 

Stylistic 
Floorplanner 

Graph as a Microarch. 
land a Floorplan 

1t 

Microarch 
To Masks 

~ASK.S 

Masks to 
Simulation 

.... 

,, Stimulus Inf oJ:mation 

-

l Simulation Results 
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const n = 16; 

var 

mask = 'l OOOOO'b; 

q, 

m, 
count, 
temp : bit (n); 

begin. 

end. 

in q, m; 
a = 0: 
count= er, 
loop 

a =a shl I; 
temp == mask and q; 
temp == temp slc I; 
a == a or temp; 
a =a- m: 
q == q shl 1: 
count== count + I: 
until count == n: 

endloop; · · · 

behaviour specification for loop. 
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procedure int rest_div 

const n = 16; /*define constants for program*/ 

type 

int 

begin 

nml = n-1; 
mask = '1000000; 

int = bit(n); 

q, 

I* constants for arsenic system*/ 

/* quotient*/ 
~ 
m, 

I* accumulator*/ 
I* mantissa *I 

temp; 

q= 100; 
m= 2; 
a = O; 

repeat 

I* assign random values to q and m *I 

temp = mask and q; . 
temp= temp she 1 I* rotate by 1 using operation she*/ 
a =a shl I; /*shift variable a left by 1 */ 
a =a or temp; 
a =a-m; 
q = q shl 1; 
if(a<O) 

{ 
q(nml) set O; /*set the bit nml of q to zero*/ 
a= a+ m; 
} 

else q(nml) set I; I* set the bit nml of q to one *I 
count= count+ 1; I* repeat n times*/ 

until count = n; 
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dfg for integer restoring division 
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integer restoring division 
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MODEL OF 
DATA PATH 

\} 
storage elements 

(registers) 

interconnection networ~ 

funct i ona I uni ts 
( ad de r s , mu I t i p I i e r s e t c . ) 

v 
interconnect ion network 

~-· ----------
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DATA PATH FOR Ml TABLE 

R2 -
RO R3 

R4 R5 1---t 11 R10 
R6 ~ R9 ~ t---1 R1 I I RB -

'---
I\) 

I I 1 I Q> I 181 Q> I 
182 

I I .1. 

183 
184 
185 

FU1 

'-----L------------+---~--~--...---~~~~----oe1 
&...-~~~~--~~----092 

'----------------~--~~~--~~--083 

' 
c f c i f f f f i i • 
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I ·, / . ! 
! J I ·.,-~ L-.. 

~ ,-, ~ ' -( '( ,,\\J! 
!.-..... ,...-.~ . 
I ' : I 

\ 
\ I : , ' , ._.. .._... 

v-
I 
i 

w 

r-\' ( 'i ILi : \ ',_.." 

0 

/ 

' 
I 

-
I 
1 

~ ! 
I\ i 

' i \Ji 
'....._.,.' I 

v-·r· 
I I ! 

+1 sequencer 
J \ 

I rr1u x \ 
I I 

I • I 

' •--~- -
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... 

... 

---------------------------------------------------------------------------- . 
MICRO INSTRUCTIOOS 

----:----:----------------------------------------------------------------1 : :r000 = value rOOl = value r002 = value r003 = value 
: : r004 = value r005 = value r006 = value r007 = value 
: :r0os = value 

----·----:------~-------------------------------------------------------
I 
I 
I 
I 
I 
I 

:----:3 
I 
I 

:---- --:4 

'r009,BOO = FU0l(and:r002,b00 r003,b01) 
r010,B02 = FU02(shl:r006,b02 r002,b03) 
r011,B04 = FU03(shl:r005,b04 r006,b05) 
r007,B07 = FU04( +:r006,b06 r007,b07) 
----------------------------------------------------------------r012.BOO = FUOl( ::r007,b00 r008,b01) 
r009,B02 = FU02(slc:r009,b02 r006,b03) 

r009,BOO = FUOl( or:r009,b00 rOll,bOl) I 

:·---,--- ----------------------------------------------------------------: :s : r005,BOO = FUOl( -:r009,b00 r004,b01) . 

-
:~-:----,---------------------------------------------------------------:· . :s : lr009,BOO = FU01( ~:r005,b00 rOOl,bOl) 
:----:----:------~-----------------------------------------------------: :1 : 10 :FU99($jp:r009,b07 ) 
:----:----:-------------------------------- -------------------------: :a : :r002,B00 = FOOl(set:rOOO,bOO r010,b01) 
:---:--:-· ---------------- ----------------- .. ,_. :s : 11 :F099C$Jp:) 
:----:----:---~------------------_.:..-------------------~------------
:10 : :r005,B07 = F004( +:r004,b06 r005,b07) 
: :r002,BOO = FUOl(set:rOOO,bOO r010,b01) 
:----:----:---------------------------------------------------------------: 11 : 2 :F099($jp:r012,b07 ) -
:----:----:--·~~~-----------------------------------------------------
: 12 : : 
:----:----:--------------------------~~~~~~~~~------------------

CS of Division.Alaoritbm 
S7atea 
Nuaber of PU• 
Execution Tiae 

: Sin•l• Clocked PUa I 
: 4 
: 125 na • 12 clock• • 1500 na 

290 

-

-

-



. 
. 

. 
. 

-----!--------.:.---)----· 
• 

: 
: 

I 

;;j)i---+~~~--+~---!! __ ~-=~=~~ll06.J 

291 

a. 
0 0 Q.) 
c: 
·-..c 0 0 E 
....., 0 0 L

. 
....., en 
.c 0 



• 

1 e t ....... e ..... . ' ... 

18 .. 

.. 

-
ml 13 ·-

false 1 Ines return to appropriate ~Im nodes 

-
Abstract Machine for Integer ReStoring Division 

. ,_ -\. 

-

292 -·-..-.---. 



J 

' \ 

~ @ 
~ . 

® <I( @ © . . . • 

® . . ~ c: 

~ ~ 
. 

~ 
0 . . 

~ ~ ~ -@ ~ " 
~ 

. 

~ 
. cp ~ > . : . . . . . 

~ 
"C . . 

® 
. . : 

~ <J> 
. : . . . '-. I . . . 0 f 

. 
® . . . . . . . 

~ 
~ . • 

ci( 
. . . 
® 

. 
~ 0 . . 

~ 
. 4) . . f 0 

~ 
c 

~ 
. . 

cj) . . . 
~ 

-. . . 

~ 
. 

~ 
.s= . . 

~ 
() . . . 

(.i) (J) 
. . 

~ g . . . 
~ 

. . . . 
~ 

. . . . . . 

? 
. . ..., 

~ 
. . . . . . . . . 

~ 
() . . . . . @ . . . 

~ 
. . . . . . . . . . c . . . . . . . . . . . . . '-. . . . . . . . . . . . . . . . . ..., . . . . . . . . . . . . . . . . . " [} 

. . . . . . . . . . . .c ·- .... .., .. .. • ... c 
i -... E 

.. , . .. =r~· 

·. 

293 



. , 
ASAP 

Scheduling 

DFG 

294 

-

-

-

-

• 



tn w .... ,.. 

v ,.. 

I ,.. 

0 a: ,.. 

en _. e.> ,.. 

II ,.. 

czc ,.. 

en :c -' N 

+ ,.. 

295 



s A 
H N -+ -

rJ) (;) L D 
. . 

+ l( ~ D# -. 

~ ~ SHL i# 
(f) ~ 

~~ 
: 

#~ 
. 

AND 
~ : .:... 
II( i.i :;!) - I~ - fi' G) . 

:- iil.._ 
I~ ~ 

. . 
SLC . 

:~ G . 
~ 

. ;..... . 
'I-' ~ I~ 

. 
OR 

. 
( f) (J . . . . . . . . . . . . . . . . . . - . . . . . _µ, . . . _.:.. ~ r-=-:-, -~ ,....;.... .;_ 

~i -,p-~ 
-

-1 - E - I..,_ 
< ~ - .. i- -

SET 

296 

s 0 
L R 
c 

~ . 

~~ ) 
~= 
w . . Cf . 
~ . 

' . 
A . 

~ 
y 
. . . . 

-' . . . 

"' 
. . . . 

A . 
,-..,. . 

~ r . 
. . 
~ 

. 
.aL - - .. r -1-1 i i - -

- < 

~ ) 

~ J 

~ ( J ~ 
·~ ...,, """ ij ._ 0 . o:: 

" 
~ -c c ·-:CE 
~ o-. 
~ E Q) [)i ...,, ...,, 
~ ,,-.. o-
~ 

.._ :::t 
...,, I 
0) 0. .-..: 0 r 0 

---- tl 
;.; ,,, -
.!. Lf 

s 
E 
T 

.-

-

,.-

-
-

-,. 

-
-

-



s A s 0 s 
+ H N - L - R • < E 

L D c T 

+ # # 

SHL # # # 

AND # # 

- # # -
SLC # 

OR 

• 

< # 

SET 

297 



-.-
tn 

..J 
£C 

• 
• 

..J 
w

 
• 

• 
c
( 

:c 
• 

b 
--

+ 
I 

• 
• 

-
• 

-
..J (.) 

• 
:c 

..J 
• 

:a: 
en en 

:a: 
-

en 
..J 0 

£C 
:c -I 

-I 
w

 
ti) (/) 

+ 
I 

..I 
:c 

< b 
---

298 
-



$ 
(i) 

~ 
~ . . . . 

. © 
~--- ~ : cp ~ 

. Gi) . 
·.· (j) ~ w. d! ~ : : 
~~G: d1 ~ . 

~ (J ~ Cl) . . . . . . . . . . . . . . . . . . 

@-i 

~ . . G) .. :0 

299 

~ 
(jJ (j) 
@: . 

~ 
@ 
@ 
~~ .. . 
~ . ~ . . 

. . 

~:.· 
~ . 

• .+.I ill 'to- t7' 
: 0 c: 
~ G> ·a, 
If c: L.. 
l ·- G> 

~~ E 
: 0 .+.I 

~E-. c: 6 .+.I :l 
Ill u I 
. 0 Q. 

~zo 
• CD . (.'\ .c 

. ~ 0 . 



r "'! 

6cneduler 

.... .... 

' II 

Control 
Sequence 

Current 
0 M~ 

iE 0 

Hardware Information 
and Limitation 

r ~ 

OPO 

Haro.are Assignment 
~ • ... ~ Flag 

. ~ 
Data 
Path 

Codel or DAGAR 

300 

"' 

-

-

-
-

-

-



·-... · 

·--

Model of Computation 

PMPil'f 
CurMnt MI --.... --.. 

no 

ges 

Delag One 
MO to 
Hfxt Ill 

•••••••••••••••••••••••••••••••••• 

················~ 

301 

I ~ 1 .-.,-, 
·~ no 
~················· 

Hcrdwcre ·-----••••••••••••••••• 
F.-- - . ,..,,.,m=- .. ·~-=-1~1 a·;._11..., 

ooo 
Checking 
HudataH 
LiRits 

Binding llOs 
w forced 
rus 

Binding 
Rtst 
llOs 



(!) 
z 

en 
-

..... 
~
z
 

-
c
( 

"' ..... 
"' en 
c
( z 

a: 
0 

L
&

JO
 

I-
0 

~
 ..... 

:t: en 
~ ffi 
a. ..... 
<

t !!? 
I-

(!) 
<

t 
1'J 

Q
 

a: 

en 
a:: • • • -a:: 0 a:: 

.--
:
~
 

----I
!
----

302 



(,\) 
0 
(,\) 

) 

8 
• 

R9 

EJ 

DATA PATH AFTER ASSIGNING 
HARDWARE TO MI3 
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' ·Ir 

>•OR AND SHL 
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-----------------------------------------------------------------------------
----·---- ----------------------------------------------------------------' l : 

I 
I 
I 
I 

rOOO : value rOOl = value r002 = value r003 = value 
r004 = value rOOS = value r006 = value r«J1 = value 
r008 = value 

-- I ---- ------------------------·---------------...-.-------------------

2 r009,BOO : FU0l(and:r002,b00 r003,b01) 
r010,B02 = FU02Cshl:r006,b02 r002,b03) 
r0ll,B04 = FU03(shl:r005,b04 r006,b05) 
r007,B07 = FU04( +:r006,b06 r007,b07) 

---- ---- ----------------------------------------------------------------3 r012.BOO = FUOl< ::r007 ,bOO r008,b01) 
r009,B02 = F002Cslc:r009,b02 r006,b03) 

---- ---- ----------------------------------------------------------------4 r009,BOO = FUOlC or:r009,b00 rOll,bOl) 
----:---- -----------------------------------------------------------------5 r005,BOO : FUOl( -:r009,b00 rl>04,b01) 
----:----- --------------------------------- ------------------------6 : r009,BOO = FUOlC <:r005,b00 rOOl,bOl) 
----:---- ------------------------------------~ ------------------------7 : 10 ,F099($jp:r009,b07 ) 
----:----:----------------------------------- ----------------------------8 :r002,BOO = FOOl(eet:rOOO,bOO rOlO,bOl) 
----:----:-----~---------·--------------------------------------------,9 : 11 :F099CSJp:) 
:~:----:--- ·-- --------------------------------------- -------------
:10 : :r005,B07 = 1004( +:r004,b06 z005,b01) 
: :r002,BOO : FOOlCset:rOOO,bOO rOlO,bOl) 
:~:-:---~--------------------~~-~-----.-..------------
:11 : 2 :F099CSJp:r012,b07 > 
:----:--:----------------------,----------.-..-------------
: 12 : 
:~:----:-------------------------------------·------------------- -----------~ 
--------...--.---~----- . . -------------------------------------------

CS of Diviaicm Al&oritm 
Syatea : Sin1l• Clocked FUa 
Nuaber of FUa : 4 
Execution Tiae : 125 na • 12 clocta • 1500 na 
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----------------------------------------------------------------------------
Ml#'JlliP' MICRO INSTRUCTICIG 

---- ---- ----------------------------------------------------------------: l rOOO = value rOOl = value r002 = value r003 = value 
r004 = value r005 = value rOOS = value r007 = value 
r008 = value 

---- ---- ----------------------------------------------------------------: 2 r009,BOO = F001(shl:r005, bOO rOOS,bOl) 
r007,B03 = FU02C +:r006.b02 r007,b03) 

---- ---- ----------------------------------------------------------------3 r0ll ,B02 = F002C and: r002. b02 r003, b03) 
rOlO,BOO = FU0l(shl:r006,b00 r002,b01) 

4 r012,BOO = FUOl( ::r007,b00 r008,b01) 
r011,B02 = FU02Cslc:r011,b02 r006,b03) 

5 r009,BOO = FOOl( or:rOll,bOO r009,b01) 
---- ---- --------------------------------~-----------------------------6 rOOS,BK> = FUOl( -:r009,b00 r004,b01) 

7 r009,BOO = FOOl( <:r005,b00 rOOl,bOl) 
----.---- ----------------------------------------------------------------8 : 11 ,FU99($jp:r009,b03 ) 
----:----:----------------------------------------------------------------9 : :r002,:so1 = FUOl(set:rOOO,bOO r010,b01) 
----:----:----------------------------------------------------------------10 12 !FU99($jp:) 
---- ----:----------------------------------------------------------------11 : r005, B03 = FU02 ( +: r004, b02 r005, b03) 

:r002,BOO = FUOl(set:rOOO,bOO r010,b01) 
---- ----:---------------------------------------------- ----------------12 2 :F099($jp:r012,b03 ) ---- - :-·---------------------------------------------------
13 -- ---:-- . ·----------------------· ------------------------------
----------------------------.-.-----~-.-.--~---------------

CS - with Restriction 
ST•tea 
Nuaber of FUa 
Execution Tiae 

: Single Clocked FU• 
2 

: 125 n• • 13 clock• • 1825 
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Number ot Clocks 

to Complete Operation 

Operator 

Set 
Delay Tiae -----------------------------------

(na) 5 MHz 8 MHz 10 MHz 20 MHz 

-----------------------------------------------------------
Cycle Tiae (na) 200 125 100 50 

-----------------------------------------------------------
+ - 150 1 1 2 3 

* I 200 1 2 2 4 

< ) <• )• !• 150 1 1 2 3 

ahl ahr 100 1 1 1 2 

ale arc 100 1 1 1 2 

and or 50 1 1 1 1 

aet ext 50 1 1 1 1 

aba 150 1 2 2 3 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Pisun 11 : Delq ti- ••· lluaber of clocka 
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' I/ Input ' I FU 
' I ' I ' J ' I -

Multiplier Adder 

4 Clocks 3 Clock! 

.-._ 

Qitput 
&Ls ' I , ..... 

Multiclocked FU 
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-
-------------~-----------------------------------..--------------------------I KI•'Jtt!P' MICRO INSTRl'CTIOOS • 
'~:----'------------------------------------------------------~--------' 11 1 :r000 = ~lue r001 = value r002 = value r003 = value I 
1 1 1 ~ : ::!~ r005 = value r006 = value r007 = value 1 

'~'----'-----=.....,_---------------------~--------- ---..~----------..-----' 12 I :raos.BOo = roo1!anc:1:r002,boo r0g3.b0!1 I I I I r010 ,B02 : FU02 shl: r006, b02 !:S!$!i, bO 1 
I I '~~:BS~ ; RJ&i shl;;:88i:~ rHh'Jf:~ 1 , ____ , ____ , _________________________________ __....._ ------~------------------, 

13 I lr<>09,I : moi1slc:r009,bObO~ ~i'll I I I 1!)?10, - 0 shl.r006, ... ,bO I , , ·~o+: ; ~sh;;~~:~ o : 1 
'----'---'--------~------~-------------- - - --------------------------14 I lr007 B07 : Ft104C +:r006,b06 r007 b07) 
I I I r009 :BOo = FUOl (ale: r009 'bOO r006: b01) 
'----'-----'--------------------------------- ------- -----------------------15 I l~8§:18a; RJ81l 0;;~;:~ ~M:~rJ 
'----'----'---------------------------------------------------..------------:& I :r005.B02 = roo2c -:r0os,b02 r00t,b03> 
I I 1r009,BOO = FCJOl( ::r007,b00 r008,b01) 
11-r-1~:~-r~ ms~f~;=:~ -~:mi 
__...,_. l __ I _________ ~ -------------,_...___----..-.-
8 I 1r005,B02 : l'U02( -:r009,b02 r004,b03) --'-1------------------· -----· --------------~-9 I ,r011,BOO = 1001( <:r005,b00 r001,b01) ---,--, --...---------------------,-------10 I I r011 ,BOO = roo1 ( < : r005. bOO rllOl, bOl) 
~-,.,_..._I --------------------------·-____,,_._____.._ 
11 1 1r011,BOO = l"OOl( <:rOOS,bOO r001,b01) i2-1 l51iU99csJ;;;o11,b07--)----------------------
--l--f---------------- ... -- - ---····-·· ----
~1-1~,BOO = 100!!~;:~~!~~10!~!!. • ------
14 1 18 1Ft199($Jp:) ,-----,~,-- -- -- ----· ___ _,__ _______________________ _ 

· 1
15 

1 ·~~:~ ~ RJSf(-t;~:ggg ~S:tfilJ f--1-1------------------------· - -------- . -------,16 I 1rOOS,B07 : 1004( +:ri>04,b06 r005,b07) ,- _.._._.-,---- -----·-- ----------------------,17 I ,raos,BO? = 1004< +:r004,b06 raos,b07> .-,-,--118 1 2 11'tJ99CSJp:r009,b07 ) ,-,-, 
119 I I 
.--.----.~--------------------------------------------~ 

-
-

-
----------- -

-

-'----·-·---- .. 

----~------------------------------·--------------· 
a; of Diviaicn Alcoritm - llllticlocked !U 
Syatea : Nulticlocked FUa 
Nuaber ot PUa : 4 
Execution Ti•• : 50 n• • 11 clock• • 150 na 1 

• 
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---------------------------------------------------------------------------HI#'JUMP' MICRO INSTRUCTIONS ---- ---- ----------------------------------------------------------------1 rOOO = value rOOl = value rOO~ = value r003 = value 
r004 = value rCl05 = value r006 = value r007 = value 
r008 = value ---- ---- ----------------------------------------------------------------2 r009 , BOO = FllCl l C shl : r005 , bOO r0Cl6 , bO 1 ) 
rCI07 , B03 = Fll02 ( + : r006 , b02 r007 , b03) ---- ---- ----------------------------------------------------------------3 r009 , BOO = FllO l ( shl : r005 , bCICI r006 , bO 1) 
r007 ,B03 = Fll(l2( +: r006, b02 r007, bCl3) ---- ---- ----------------------------------------------------------------4 rOlO ,BOO = FllOl(and: r002, bOO r003, bOl) 
r007 , B03 = FU02 ( + : r006 , b02 r007 , bCl3) ---- ---- ----------------------------------------------------------------5 

6 

rOlO,BOO = FllCllCshl: r006, bCICI r002, bCll) 
rllll,B02 = Fll02(slc:r010,b02 r006,b03) ---- ----------------------------------------------------------------rCllO .BOO = FUOlC shl :rCl06. bOO r002, bOl) 
r011,B02 = FlJ(l2(slc:r010,b02 r006,b03) ---- ---- ----------------------------------------------------------------7 r009,BOO = FlTOl( ::r007,b00 r008,b01) 
r011,B02 = FU02( or:r011,b02 rCl09,b03) ---- ---- ----------------------------------------------------------------8 r005,B02 = FlT02( -:r011,b02 r004,b03) 
r009,BOO = FUOl( ::r007,b00 r008,b01) 

s---i----.;o09.E!Oo-;-Fiioic--;~;oo1:bCio-;ooa:t,01;--------------------------, 
____ l ____ l~2~!~~-=-~~~i--=~~!!!~2~-~2~!~~l _________________________ _ 
10 : lr005,B02 = FU02( -:r0ll,b02 r004,b03) 
11--,----,;o11.B00-;-iiioic--~7;oos:b00-;oa1:b01>--------------------------
----'----'----------------------------------------------------------------12 1 rOll ,BOO = FOOl ( <: r005, bOO rOOl, bOl) · ---- ----'----------------------------------------------------------------13 1r011,BOO = FUOl( <:r005,b00 rOOl,bOl) . 14-- -17-IFOSSCSJp:r0ll:b03-)-------------------------~-------------------

---- ---- -----------------------~----------------------------------------15 r002,BOO = FOOl(set:rOOO,bOO r010,b01) ---- ---- ----------------------------------------------------------------16 20 FU99($jp:) 
---- ---- ----------------------------------------------------------------17 r005 , B02 = Fll02 ( + : r004 , b02 rCIOS, b03) 

r002,BOO = FUOl(set:rOOO,bOO r010,b01) ---- ---- ----------------------------------------------------------------18 r005 'B02 = F002 ( + : r004 • b02 r005 • b03) ---- ---- ----------------------------------------------------------------19 r005,B02 = FU02( +:r004,b02 r005,b03) 
---- ---- ----------------------------------------------------------------20 2 F099($jp:r009,b03 ) ---- ----'----------------------------------------------------------------21 I I . 
----'----'-----------------------------------------------------~---------' . 

-------------------------------------------------------------------------~--

CS - 1'1llticlocked FO with Restriction 
Sys tea 
Nuaber of FUa 
Execution Tiae 

: Hulticlocked FU• 
2 
50 na • 21 clock• • 1050 na 
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~fodel of Pipelined FlTs 

- Free to J.~ccept Input 
in Each Clock 

- Output Should not 
Conflict 

- .. ~ssign Reg. and Bus 
in Fin al Clock 
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Bus 

' I 
Input ' I FU 

' J ' ' J ' I Multiplier Adder 

3 Clocks 

4 Clocks 

Ck.ltput 
Bus ' I Pipelined FU · 
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----------------------------------------------------------------------------HISS'JUMPj MICRO INSTRUCTIONS 
i--- ----:;:ooo-;-;;1~-;:oc,1-;-;;1~-;.oo2-;-;;i~-;:oo3-;-;;i~;-------------

1 r004 = value r005 = value r006 = value r007 = value 
r008 = value ---- ----'----------------------------------------------------------------2 lr009,BOO = Fll01(shl:r005,b00 rOOS,bOll 
r007, B03 = ~ ( +: r0Cl6, b02 r007, b03) ---- ----'----------------------------------------------------------------

I rClll ,BClti = FlJ(ll shl: rOCl6, bCIO r002, bOl 3 I rOl 0. Bo~ = FtT02 land: r002 • bO~ rOO~ • b03 ! 
•1r009,BOO = Ft.101 shl:r005,b00 r0Cl6,b01 

r007 , B03 = Fl102. + : r006 , b02 r007 , b03 ---- ---- ----------------------------------------------------------------4 r010,BCIO = Fl101fslc:r010,b00 r006,b01~ r007, B03 = Fl102 +: r006, b02 r007, b03 
rOll,BOO = FUCll shl:r006,b00 r002,b01 ---- ---- ----------------------------------------------------------------5 r010,BOO = FllOl( ::r007,bOCI r008,b01) 
rOlO.BOO = Fl101(slc:r010,b00 r006,b01) ---- ---- ----------------------------------------------------------------6 r009,BOO = FllOl( or:rOlO,bOO r009,b01) 
r010,BOO = FU01( ::rC107 ,bOO r008,b01) 

:~-- ----,~~a~i80-~-j:8sif--~~~s~~~s-~88~~ij _________________________ _ 
:a--- ----:;oos:soo-;-Fiioi(--:7;oo9:beio-;o04:'b0i> _________________________ _ 
19---,----,;oos:Biio-;-Fiioic--:7;oos:bCio-;o04:bii1>--------------------------
---- ----'----------------------------------------------------------------10 1 1 r009 ,BOO : Fll01( <: r005, bOO r001, bOl) 
----'----'----------------------------------------------------------------11 I 1r009,BOO = FUOl( <:r005,b00 r001,b01) 
i2--:----:;oos:Biio-;-Fiioic--~~;oo;:b(;a--r0oi:b(;i)~----------------------1;--,-1s-1Fiis9c$jp7;.oo9:bCi3_> ____________________________________________ _ 
----'---- ----------------------------------------------------------------14 I lr002,B01 : Fl101(set:r000,b00 r011,b01) 
is--l-19- 1 Fii99csJp~;------------------------------------------------------, 
----'----'----------------------------------------------------------------16 I :r005,B03 = FU02( +:r004,b02 r005,b03) 

I 1r002,BOO = FUOl(set:rOOO,bOO r011,b01) 
11--,----:;.oos:.BO;-;-itJ02c--~7;oo4:bCi2-;oos:bCi3) _________________________ _ 

!!~==1====1~~~~~~=~=~~~I==~~~~~!bCi2=~~s:~~1==--===================== 
11s 1 2 1FOsscsjp:r010,b03 > ---- ----'----------------------------------------------------------------120 I I 
!----!----!--------------------------------------------------------------------------------------------------------------------------------------------

CS - Pipelined FU with Restriction 
S7stea : Pipelined FUa 1 
Nuaber ot FUs : 2 
Execution Tiae : 50 ns * 20 clocks • 1000 na 
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MIT 

o. 

MIT2SDL 
Translator 

(scope of work) 

1 • 

SDL 

1 , 

LagerIV System. 

Mask 

Scope of Research 
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• 

CeDUbrades 
nmLager. 

Stdc:ell. 
dpp 

USER 

Dlloct 
De .... Mm~,.-

8tractme 
Procaaor 

dpp. plagen 
Bds2stdcell 

th or 

.aim (lnlm) 
.mc (scmoa) 
.mAl(m•aJc) 
.elf (llOSIS) 

nmtager. F11nt. 

LagerIV system layout 
317 
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2. INPUT 

. ·Micro-Instruction Table (MIT). 

There are four types of MO's in the MIT: 
(,) 
-A 

Q> 

1. r.xxx =value 

2. rxxx,BXX = FUXX(op-type:rxxx,bxx rxxx,bxx) 

3. FU99($jp:rxxx,bxx) 

4. FU99($jp) 

• • • • • • • • • • • 



Ml. JUMP MICRO INSTRUcnONS 
1 rOOO • ftlue rOOl • wlue rOO'J • Y81ue 

roo:s • Yalue rOOI • wlue r005 •value 
- .-

r006 • ,,,...,. r007 • wlue r008 • Y8lue 
2 !008.800 • FUOl(and:r002.bOO r003.b01) 

••· ". .. -:•r,_::--~·•-: 

.Olo.Bal - F1J02(shl:r006.b02 r002.b03) 
• • ·, ~ """o., 

rOll.,llOI • FU03(shl:r005.b04 r006.b05J 
. ·.· .. ~- . 

'IOIR .J.fln - J'U04( +:r006.b06 r007 .b07) 
3 i012..BOO - Jl'UOl( •:r007 .bOO r008.b01) . 

!009.Bm • FU02(slc:r009.b02 r006.b03l 
4 r009.BOO • FUOl( or:r009.b00 rOl l.bOl) 
5 raos.eoo • ruou :r009.b00 r004.b01) 
8 r009.Boo • roou <:r005.b00 rOOl.bOl) 
7 10 nJ99($1p:r009.b07) 
8 r002 .. eoo • FUOl(set:rOOO.bOO r010.b01) 
9 11 PU99($1o:I 
10 !005.807 • PU04( +:r004.b06 r005.b07) 

--- . ·-- r002.BOO • FUOl(set..-rOOO.bOO r010.b01) 
_ll 2 --· ..... ....._ - 1w:r012.b01) ru __ ~ 
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--~~~~~~~~~~~~--~~~~~--~~~ b02 
....-~~~~~~~~--....~---.,1--~-..-~~~1--~~- bOO 

eztemal Inputs 

r 0 r 1 r 2 r 3 registers 

lo-~-+-~--1---~-+-~-+-~~--~-+-~--1'~~..-~- bOO 
~""'-~-+-~~1--~--~__,.~~-+-~-'-~__,1--~- b01 

..... -+-~-'-~~+--~--~--,.~~...-~-+-~~~~-t-~~ b02 
~--~-+-~~~~-+-~--+~~ ......... ~~__,.--.._ __ b03 

FU01 FU02 

bOO 
b02 

transmission gate 
(control inputs are from 

control word of control unit) 

Model Datapath 

321 

FU99 
(control 

unit) 

Functional 
Units 

\ .. 



AddreH 
lines 

External 
aource 
line• 

-0-

* 

CWl (control word) l ---

tranamiuion iatea 

l Select lille 

CONTROL 

MEMORY 

(ROM) 

Load 

el 

2 Select line• 

IWX2 

0 1 

register 

not 
uaed 

(bua from Datapath Model) 

transmission gate 

Model Control Unit 
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e2 el 
CW2 

(control word 2) 

> 
control line• 
(to Datapath Model) 
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MI#'JtMPI MICRO INSTROCTIOOS 
1--- ----:;ooo-;-;;1~-;:oo1-;-:;;1~-;.oo2-;-;;1~-;oc,3-;-;;1~;-------------

1r004 = value r005 = value r006 = value r007 = value 
r008 = value ---- ----'----------------------------------------------------------------2 lr009,BOO = FU0l(and:r002,b00 r003,b01l 

:~b~:I~ ~ fiJ8U=Rt~~:~! ~~i:~~ ---- ---- ----------------------------------------------------------------3 r009,BOO = FU01!slc:r009,b00 r006,b011 rOlO B02 = FU02 shl:r006 b02 r002 b03 
r011:B04 = FU03 :m1:r0os:b04 r0os:b0s r007,B07 = FU04 +:r006,b06 r007,b07 ---- ---- ----------------------------------------------------------------4 r007,B07 = FU04{ +:r006,b06 r007,b07) 
r009,BOO = FU01{alc:r009,b00 r006,b01) ---- ---- ----------------------------------------------------------------5 r009,B02 = FU02{ or:r009,b02 r011,b03) 
r009 ,BOO = FUOl ( =: r007, bOO r008, bOl) ---- ---- -----------------------------------------------------------------6 r005 ,BOO = FUOlC - : r009, bOO r004, bOl) 
r009,BOO = FUOl( =:r007,b00 r008,b01) ---- ---- ----------------------------------------------------------------

7 ~BE:m8 ~ Rl8H =~i8~:~8 ~B!:~B . ---- ----'----------------------------------------------------------------8 1r005,BOO = FUOl( -:r009,b00 r004,b0l) ---- ---'----------------------------------------------------------------19 1rOll,BOO : FUOl( <:r005,b00 rOOl,bOl) '---- ----'----------------------------------------------------------------110 1.rOll,BOO = FUOl( <:r005,b00 r001,b01) 
l11--,----l;:o11:~0-;-iOoic--~;;oo5:bc>-O-;ooi:bC>i)-~ -----~---'----'--'----...-.----------------- ------112 1 15 1F099CSJp:r011,b07 ) 
'----'----'-------------------------- .. -------.-.----------------------113 I lr002,BOO : FOOl(aet:rOOO,bOO r010,b01) 
'--'--'------------------ ----- . -----------~----------------14 1 18 1F099CSJp:) 
----'----'------------------------------------~-------~-----------15 I I r005 B07 : FU04 { +: r004 b06 r005 b07) 

I 'r002:B00 = FOOl(set:r000:b00 r01o:b01) 
----'----'----------------------------------------------------------------~l_ I~~~!_:_ FO~L-~~~~!~-~~!~7> _________________ _ 

!!__l ___ lr005!~!-=-~~~i--~~~~!~ r005,b07.!_ ____ ~----------
1s 1 2 11'U99CSJp:r009,b07 ) ______ , _, __ _.._ __________ ------·--------------·-----------
19 I I _ 1 ___ 1_. ________________________ __.,__ ______ _ 

I t ------ --------------------------------------
CS of Division Alaorithm - Pipelined FO 
Sy•tea : Pipelined FU• 
Nuaber of l'Ua : 4 
Execution Tiae : 50 n• • 19 clock• • 950 na 
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c.> 
N 
~ 

c 

SDL - Structure Description Language 

• 

The sdl file for the parent-cell at any level of the 
hierarchy gives 5 essential pieces of information: 

I. 1 .. he parent-cell master_name 
2. 'l'he cell parameters 
3. 'J'hc subcells 
4. l'he cell layout-generator program 
5. 'rl ic net list 

SOL is used to instantiate and connect these registers, 
transmission gates and functional units to create a 
datapath. 

4 c· f c • c • 
• . - f . 



w 
I\) 
C1'I 

) 

ALGORITHM 1 - Register Instantiation 

1. (subcells (register (rOO I r003)) 
(trans_gate (tgl tg2 tg4))) 

2. (net ext_l (NETIYPE SIGNAL) ((parent EXT_O) 
(tgl IN))) 

(net tgl_rOOl (NETIYPE SIGNAL) ((tgl OUr) 
(rOOl IN))) 

(net in_regs (NETIYPE SIGNAL) ((parent in_regs) 
(tgl CNTL))) 

(terminal ln_regs frERMIYPE SIGNAL)) 

ta 1 X)(-ln_r•a• 

r 1 



(A) 
I\) 
m 

t . ' c ' 

3. (net b02 (NETIYPE SIGNAL) ((parent b02) (tg2 IN))) 
(net tg2_r003 (NETIYPE SIGNAL) ((tg2 OUT) 

(r003 IN))) 
(net b02_r003 (NETIYPE SIGNAL) 

((parent b02_r003) (tg2 CNfL))) 
(tennlnal b02_r003 0ERM1YPE SIGNAL)) 

--------------.,...--------b02 

tg2 b02_r003 

rl 

. ' • f c ' • • . ~ . -



w 
N -.... 

4. (net r003_tg4 (NETIYPE SIGNAL) ((r003 OUr) 
(tg4 IN))) 

(net bOl (NETIYPE SIGNAL) ((parent bOl) 
· (tg4 ounn 

(net r003_b01 (NETIYPE SIGNAL) 
((parent r003_b01) (tg4 CNTL))) 

(terminal r003_b01 (TERMIYPE SIGNAL)) 

--------------.-----------b02 

tg2 b02_r003 

r3 

tg4 r003_b01 

-------------------------b01 



CA> 
N 
Q) 

• 

ALGORITHM 2 - Functional Unit 
Instantiation 

c 

1. (subcells (FFU02 FU02)) ' 
(trans_gate (tg6 tg7 t.))) 

2. (nel lr02 (NETJ'YPE SIGNAL) ((parent b02) 
(lg5 IN))) 

c 

(net th5_FU02_1 I (NETTYP~: SIGNAL) ((FU02 IN 1) 
(lg5 OUT))) 

(net (b02_FU02_1 I (Nl~Tl'YPE SIGNAL) 
((parent b02_F'U02_11) (tg5 CNTL))) 

(terminal b02_FU02_11 {TERMTYPE SIGNAL)) 

• • • • • • • c 



w 
N 
CD 

) 

3. (net FU02_tg7 (NETIYPE SIGNAL) ((FU02 OUT) 
(tg7 IN))) . 

(net b02 (NETlYPE SIGNAL) ((parent b02) 
(tg7 OUT))) 

(net FU02_b02 (NETTYPE SIGNAL) 
((parent FU02_b02) (tg7 CNTL))) 

(terminal FU02_b02 (T'ERMTYPE SIGNAL)) 

~--------------~....-----~~b01 

---------------r----+-~----~b02 

b02_FU02_11 

FU02 

FU02_b02 
tg7 

b01_FU02_12 
tg 6 

------------------'-----------b02 

), 



w w 
0 

c c 

4. (net FU02_and (NETIYPE SIGNAL) 
((parent FU02_and) (FU02 and))) 

(terminal FU02_and (TERM1YPE SIGNAL)) 

c c c c c f f c f 
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-vv. run PVOS "104 ...... c.-. ..... alll • ... 

H H ,, 
n _I._ ... i-M2 ... 

""°' ... "'"'°., 

tnnemfsll• p.te 
(CODtrol blpata are from 
eaatrol word of control mdt) 

Data path 

331 

1 , 

, , 
H , , 

ru• _ .... 
..at 

• Gt ... 



CA> 
CA> 
N 

• • 

ALGORITHM 3 - Control Meniory (ROM) 

1) 

2) 
3) 
4) 
5) 
6) 
7) 

8) 
9) 

The different fields in the control memory are listed 
below: 

FIELD SYMBOL FUNCTION 

RTB rxxx_bxx register output to 1/0 buses 
BTll' bxx_FUXX_IX Inputs to functlonal units from 1/0 buses 
OPS FU.XX_ op operation select of functlonal units 
SELi Int, ext MUXl select (Int = 0, ext = 1) 

8EL2 0, l, FU99 MUX2 select (0 = 00, 1 = 0 l ,FU99 = 10) 

ADR8 address# address field 
INR In_ regs Initialize registers 
ITB FUKX_blPC output of functlonal units to 1/0 buses 
BTR bxx_rxxx Inputs to registers from 1/0 buses 

• • • • • • • .... '. 



·-

The Stylistic Data Path 
.-...... _ ... 

"""' 
...___ -· ...__. ... --

FU04 a FU01 FUOZ lam 

'- 1.W ..___ I 

The Conventioanl Data Path With 5 Micro Instructions 

ITTlrffi)lfmffi~-~ 
LJjjtiWJlliJWJ ~2 

t ___ 
~ 
] FU01 
J 

. . . 
1'1-" 

rm 
. 

... . . . --- •J4 

FU03 11)6 

The Conventioanl Data Path With 4 Micro Instructions 

r # ,_, ,,-
~v 

YI -e_.J l-17 .::::- O r t . ._' -" , - .:-- ... ·"" ._....._ ·'.-/.. ·• .,;,,; Vl._ • 
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SWITCH LEVEL SIMULATION 

o Extract Circuit from Masks (standard tool) 

o Stimulus is Known "rl,bl <· FU!:(+: rl,bl r5,b2)" 
Simulate each microinstruction 
Use the worst case clock cycle 

334 
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-. 

Invoke IRSIM with lralm acmoa100.pnn myreg2.alm ....wg2.lrslm.cmda 
where the fie 1'8(12.irsim.cmds contains the foltor.-ig statements: 

cloct PHii I 0 0 0 
clock PHI2 0 0 I 0 
vector regin iegin[3] regin[2] iegm[l J rqin[OJ 
vector regAout iegAout{3] regAout[2) iejM>ut[l] iegAout(O) 
vector regBout iegBout[3] regBout[2] iegBout[I] iegBoUl(O] 
anal)'7.el' load sel PHii Pim regBout regAout ream 
lteplize 15 
Vio.d 0 I I 0 0 I I 0 0 0 
Vsel 0 0 1 0 0 0 0 0 0 0 
V regin <XXX> 1000 01000100010011001100 110011001100 

R (the R command 111111 the simuJ•tor with die defined vectors) 
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-0 
rn :::> co 

.. 

Register 
set 1 

FU 01 

Register 
set 2 

FU02 

Register 
set 3 

FU 03 

ROWl 

~ 
0 
rn 
~ 

'° 

Register 
set 4 

FU 04 

Register 
set 5 

FU 05 

Register 
set 6 

FU 06 

ROW2 

MODEL OF THE DATA PATH AT BLOCK LEVEL. 
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.... 1------ROWl -------1a-~1,... • ._ ___ ROW2 -----1.-~ 

-a::: 

(") U) -
~ 

a::: -a::: 
Ol ... co -- - c:: a::: a::: 

I 0 

I &! 
I 

\j 

BIT O>-~a-..,..41-- BIT l--~•~11<1141--- BIT 0 ---•-4----BIT 1 

Gate level diagrams of a data path model. 
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C-step 1 

-
C-step 2 

-
C-step 3. u 

-
C-step 4 

Control 

·-

I\·-

.. 

-
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C-step 1 

C-step 2 

C-step 3 

C-step 4 

C-step 5 

MICRO OPERATIONS 
JNBOW'l 

Cl(ul) 
R4(ul) 

R3(xl) 

Note: Rx(y) means Register I z: contains y. 

MICRO OPERATIONS 
JNBOW2 

RS(u) R7(dxJ 

R9[x) 

R9(xl) Rl l(xl) 

To control unit 

MICRO-INSTRUCTION TABLE. 
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Cl 

BUSOl 
BU502 
BU503 
BU504 

f ( a + + ,, v 1, v ~, 1 , t • 
FUOl FU02 FU03 FU04 FUOS 

•1 •2 + - < 
I I ... • T 

R3 Rl R4 I R5 I I R2 I 
) L- I ( ax c 3 J + r- ~, t t ,, • ........ / "" / "" / ........ / 

.. • , , 
1, 

1 r 

Non-Stylistic 
Row Bm 01 

FU 01 FU.02 .. 
·2 

"fR31 
L=.l Row Bus 02 

FU 05 

+ < 

R7 R12 

Stylistic 

Interconnectivity of Data Path 

. fa-G- , t.-y !fa),_-16 A l:c& 
-r::t . .J:v'J /...o_.1_f} .. F"V\.. . 
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ASIC 
(Application Specific IC) 

o Traditional Method of Design 
Usina CAD (Computer Aided Design 
System) 

o Soon to Become Popular 
Desi1n Automation 
(Blah Level Synthesis or 

Digital System Desi1n 
by "Others") 
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0 

SPEED OF MICROPROCF.sSOR BASED OF.SIGNS 
(Roa1b Approximation) 

Aaame 31 Miia Clock 

-Wont eue• llll&nlClioa ADD (x). (Y) 
Pet.ell IDlt. • 
llMlinc:t - x • feadl x ... operwl • 
...... - y • feecla y .... operwl • 
s ... Resd - (Optimistically) 
Al 4 cycles ps ms1 • I • 4 • 32 cycles 
Decode ad eucate • 2 cyclea 
TOlal 34 cycles or 

I lut per Micro-second. 

-... eue· lulnlctioD 
0. BMllDOl1 Accel1 
Decode wl Execate 
TOlal 6 cycles or 

ADD RO.RI 
• 4 c,clea 
• 2 c,clel 

5 lut per Mlcro-secoad 

3 memory Accesw 
2 memory Accaw 
2 ___,. Accaw 
I PADOrJ Acceu 

o A•era1e 
(aclaclia1 co-proces1CW OYene.d; 
·-.. • ...... iull per lllt ele.) 

• 

311 aaao-aecond1 per instractlon 
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ASIC DESIGN 
2 docb per tut 

0 60 MHz clock (CMOS) 

30 Nano-second per inst (Approx) 

0 200 MHz Clock (GaAs) 
,_ 

10 Nano Seconds per Instruction 
(Approx) 

-- ; 

..... • 

343 



DISADVANTAGD AND ADVANTAGES OF ASIC DESIGNS 

DISADVANTAGES 

o DIFFICULTTOCBANGE 

o COST MAY BE HIGHER 

ADVANTAGES 

0 SPEED OF CIRCUIT 

0 EASY TO MAINTAIN 

0 EASY TO IMPLEMENT 

0 NEW'llXJINOLOGY 

0 ENHANCE UNIVERSITY RDEARCB 

• 344 
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ISSUES TO BE ADDRESSED 

o Develop a Front End Interface 

o Integrate into an "Enviornment" 

..... 
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Outline 

1. Silicon compiler: What? 

2. Classes of Synthesizable Problems 

-+ High Throughput systems 

-+ Synthesis 

3. "Meet in the Middle" Concept 

4. Conclusions 

c c c c c 

.... ~,,: 

SSCJJ 
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1. Silicon Compiler: What? 

Definition: SSC_L 

= software system suDl)Ortin2 
behavioral description at the algorithmic level 

I input: throughput, area + expert design rules 
chip layout synthesis 

Procedure: 
i) Behavioral description at system level 
ii) Verification of behavioral correctness (Verilog, VHDL) 
iii)Optimization 
iv)Compilation into structure 

Important: "THE" ·silicon compiler does NOT exist. 
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• 

2. Synthesizable Problems ~<~ 

#.SSCL 
Architectural style Target application Building blocks 
flighly n1ultiplexed Low sample rate, complex Predefined highly programmable 

decision making algorithms data-paths (Al..,Us) 

Pipelined (*) High throughput Predefined funtional units (li,Us) 

).,owly multiplexed II igh throughput Abstract building blocks (AHHs) 
coo1>erating data-patlt 
architectural style (*) .. 

p 
• repetitiousness (FOR, WHILE) 

• 

• signal flow dependencies (recursion) of the signal 
flow graph representing the DSP algorithm 

e.g. Cathedral III 

' ' • • c c c c • 
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) ) j i· 

High Throughput Syste01s 
.··7~(\" ~· 

Characteristics: 
SSCI,J 

• Dedicated data-paths build with ABBs to cope with the 
high throughput requirements. 

ABB = abstract type of primitive operator at the 
RT-level, for which one or more hardware 
representations exist in a hardware library 

• Internal composition of data-paths not predefined, 
defined on the fly during synthesis 

• Main hi&h-leyel synthesis requirement: definition and 
optimization of the data-paths and memory management 
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Syntl1esis: Behavioral 

Input: behavioral description of the algorithm SSCI_J 
Output: architecture netlist, built up while iterating over: 

• high-level memory management (memory allocation, 
address generation) 

•high-level data-path mapping tasks (optimization of 
~ transformations, partioning and allocation, data-path 

definition, assignment and optimization, initial 
scheduling) 

• low-level memory management (memory allocation for 
temporarily storage) 

• low-level data-path mapping tasks (detailed scheduling 
and detailed interconnect generation) 

) 
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Syntl1esis: Structural 

Input: architecture netlist 
Out.put: detailed netlist, to be used by the layout 

generation 

• • • • f f f 

~: 

'Y1f'\" ~· 
i 
\ 

SSCL 

f • 
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3. "Meet in the Middle" Concept 

Dedicated data-paths 

-+ system design separated from silicon design 
lnterf ace: located at the level of 

• arithmetic and logic operator blocks 
~ • data storage 
C1'I 

• controllers and 1/0 units 

-+ available under the form of modules 
Result: 

Design at system level 

), 

\ " 

SSCJ.J 

= translation of system specs -+ netlist of module instances 
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c c 

Modules 
Module design ••• SSCL 

• requires a powerful design environment 

• should be done by a team of silicon designers 

• -+ expensive 

Essential: 

• re-usibility (library) 

•technology adaptability (symbolic layout) 

' ' • • c c c ~ • 
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"Meet in the middle" strategy · 

Top-down 

System 

Register 

Functional 

...... 

* • System design • 
•Floor plan .... 

--

Bottom-Up 

System chip 

Processor 

Module 

Gate f Procedun! moduI--;d~-;) 6 CeU 
I 

Transistor Rectangle 

Layout technology rules 

-.SSCL 

System & software 
• engmeers 

1 r "Meet in 
j ~ the nliddle " 

Layout circuit 
software engineers 

•l 

Technology 
• engmeers 
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4. Conclusions 

SSC/~ 

1. Physics applications: hirh throurhput requirements, 
interdependent data-streams. 

2. Dedicated data-paths: defined on the fly during the 
synthesis process. 

3. "Meet in the middle " concept: the high-level 
algorithmic descripti,on is synthesized using technology 
independent modules, available in a library. 

4. The modules are realized in a bottom-up fashion. The 
data-Jlaths are obtained in a tog-down fashion. 

c c c ' ' c c c c • 



Timed-LOTOS in a PROLOG Environment: 
an Algebraic Language for Simulation 

M.L. Ferrer, INFN-LNF, Italy , 
G. Mirabelli, INFN-Roma, Italy c- Hvo-r idfla,_5 a.-1td ~&Y 

wd7K. 

- Introduction 
- LOTOS (short tutorial) 
- LOTOS tools (without time) 

-BELASI 
- HIPPO 

- Timed-LOTOS 
- Timed-action 
- Timed-interaction 
- Single-Timed (this presentation) 

.t-r ··~? - Single-Timed Lotos: ?f2.0UJ6 rµ.<.Qna . 
- Semantic (examples) t:: _ _... 

·-.. - Lotos and Prolog tools: scanner, 

'"" 

-

syntax Checker~ Static semantic Analyzer, 
Prolog code generator, Lotos Simulator 

- Example: Describing and Simulating Futurebus+ system 
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Estelle Lotos SDL are fonnal specification languages to specify 
OSI protocol and services, assuring: 
- correct specification 
- and implementation 

Describe the "logical" behaviour of system: 
- order of interactions 
- allowed parameter values 

Properties relating to perfonnance aspects are not addressed: 
- maximum throughput of a link 
- end-to-end transmission delay 
- system degradation due to error-rate 

To do this, the specification language must include the description 
of such things as 
- time delays 
- resource usage 
- stochastic behaviour • 

This is the object of the work presented in the following. 
Other approaches are to create a different fonnalism to deal with 
perfonnance issues, loosing some "logical" properties of the 
system. 

V (;RI L-051 n O])S/ 11
1 

..... 
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--

( J 

LOTOS (language of Temporal Ordering Specification ) Sf-Sb' 
ha...s.ed. rw.. c.c. ~ ( J-t ,·e~ er 's w{)-rt<..) 

for formal specification of open distributed systems, 
in particular for OSI computer network architectures 9 . ~.:PA'~ fl er exr. . 
Systems are described in terms of _P.rocessesthat may 
consist of several interacting subprocesses 

A processor is like aWack b~hat is ~apable of commu-
nication with its environment by means of interactions. 
An event f<itomic form of interaction) is a unit of synchro-
nized communication that may exist between two processes 
that can both perform that event. 

a 

l*ibl I 
c* p * Q *d I , ____ .I 

Two interacting processes 

process <process-identifier><parameter-list> := 
<behaviour-expression> 

endproc 

behaviour-expresion is the LOTOS expression defining the observable behaviour 
of the process. The contents of the parameter-list qualifies the type of the process. 

processP[a,b,c] := ... endproc 
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Basic Lotos: only describes a process synchronization 
Full Lotos: also describes interprocess value communication 

Behaviour expressions in Basic Lotos fonnally relate the 
order in which events may occur 

Constructor name 

inaction 
action prefix 
- unobservable (internal) 
- observable 
choice 

parallel composition 
-general case 
-pure interli ving 
-full syncronization 
hiding .... 

process instantiation 

successful termination 
sequential composition 
disabling 

SYNfAX 

stop 

i·B ' a·B O' 
Bl [] B2 

Bl l[gl, ... ,gn]I B2 
Bl Ill B2 
Bl II B2 

hide gl, ... ,gn in B 

p [gl, ... ,gn] 

·ex.it 
Bl>> B2 

Bl [> B2 

Table 1. Syntax of behaviour expression in basic LOTOS 
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..... 

A basic process: inaction sto'f 
this process cannot perf orrn any event 

Two basic operators: 
Action prefix: this construct produces a new behaviour 

~,B 

' a., B 
) 

expression out of an existing one by prefixing it with 
an event name. If B is the existing expression and a 
is the event name the result is written as a;B 
Interpretation: the process offers participation in event 
a; if a takes place the resulting behaviour is given by B. 
The operator '· ' implies sequentiality un.o/,se-r~fp ' obf-e r ~ (°e_ 

Choice: if Bl and B2 are existing behaviour expression then 
Bl [] B2 den~tes a process that behaves either like Bl 
or B2. If another process in the environment offers an 

1'1 [J.Bt initial event of B 1 (or B2) the B 1 (or B2) may be selected. 
If both the outcome is not determined 

Recursion: to define the infinite behaviour. 
Example, a buffer d~finition: 

process buffer [in_data,out_data]: = 

endproc 

in_ data 
out_ data 
buffer[in_data,out_data] 
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Parallelism: 
_ _.....,,., of independent processes (pure interleaving) 

Jl I 
the constructor Bl 111 B2 means that the processor 
can partecipate in an event if Bl or B2 can partecipate. 
Bl 111 B2refuses partecipation in any event that is 
refused by bothBl and B2. 

---->9 of dependent processes 

.. 

11 
·Bl 11 B2 can partecipate in an event only if both Bl and B2 .. 
can partecipate in it. The general case of the constructor 
is Bl I [gl, .... ,gn] I B2 weregl, .... ,gn are the comn10: 
events that Bl and B2 must synchronize 

l c JI 
-""""'"=:>~the hiding operator ~ 

to define subprocessors synchronization without 
interference with th'e environment 

~de, ~ .. J .... J ~171, ~ B 

Sequential composition of processes: 
Bl >>B2 If Bl terminates successfully, the execution ofB2 

is enabled 
Disruption of processes: 

Bl [ > B2 defines a processor where at each point in the 
execution ofBl, an initial event of B2 can occurs. 
If such an event occurs control is transferred to B2, 
leaving Bl. 
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·-

LOTOS data types,dealing with the description of data 
structures and value expressions, inspired by the abstract data 
type technique ACT ONE, with some differences 

Signature: the names of data carriers ~orts) and operations. 
Defines the syntax of a data type. A grammar can be 
provided to produce signatures with a finite number 
of sorts and operations 

type Boolean is 

sorts Bool 

opns true,false 
not :Bool 
_and_,_or _,..xor _,_implies_, 

->Bool 
->Bool 

_ifL,_cq_,_ne_ :Boo1,Boo1-> Booi 

eqns foraTI XJ' :Bool 
ofsort Bool 
not(true) = false ; 
not(false) = true ; 
x and true = x ; 
x and false = false ; 
x or true =true ; 
xxor false = x ; 
xxor y = (x and not(y)) or (y and not(x)) ; 
x implies y . = y or not(x); 
xiffy = (x impliesy) and (y:impliesx) 
x eq y = x iffy ; 
xney 

endtype 
= x xor y ; 
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Full LOTOS 

Provides interprocess communication 

While in Basic LOTOS an observable action coincides 
with a gate name, in Full LOTOS (or LOTOS) it is 
formed by a gate name followed by a list of zero or more 

-

.... 

values offered at that gate -

Example: 
g <TRUE, "tree", 3> 
l 

is the observable action offering the boolean value TRUE, 
character string "tree", and natural number 3 at gate g1. 

Since the offered values may range over infinite sets, an 
infinite number of observable actions is expressible in full 
LOTOS 

368 

-
' .. 

.. 



-

To work with most complex data type definitions, 

The parametrization: using a general structure of a data type 
to define other sorts, .. for instance arrays, stacks and queues 
can be defining using the Nat_numbers definition 

The renaming: where an already defined abstract data type is 
needed in a specific environment, but without any changes in 
the intended semantics. 

F Structured event offers: consist of a label or (event) gate nanze 
u identifying the point of. interaction or (event) gate and a finite 
I list of attributes: · 
I -+ value declaration: !(3+5), !min(x,y) 

LetBl and B2 be behaviour expressions and e an event 
L then by B 1 - e -> B2 we mean taht B 1 can transform 
0 into B2 performing e. 
T g!E;B means g<value(E)> ->B 

0 ~ variable declarations: ?x:twherex is the name of the 
variable and tis the sort identifier s ?x:integer 
g?x:t describes a set of events in the value domairt -C 

The scope of a variablex is the behaviour expression 
following that event off er in an action prefix construction 
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Types of interaction ·-Interaction between processes can take place if both processes 
have enabled one or more identical events 

interaction effect ... process process sync. 
A B condition sort 

g!El g!E2 value( El) value synchroni:ati. 
- matching 

value(E2) 
I 

glE g?x:t value(E) value after . synchronization E passzng 
domain(t) x=value(E) 

g?x:t g?y:u t=u value after 
generation synchronizatior 

; ;.,,,,c.cr x=y=v for 
j ou:fput f v E domain(t) 
• 
Conditional constructs 
~Selection predicates. An event offer may be followed by a 

predicate that can impose additional restrictions of the values 
g?x:nat[x<max] ; B 1 (x) 

~ Guarded expressions. Any behaviour expression may be 
preceded by a predicate; if the predicate holds the behaviour 
is possible 

[x>O] ->g !x;some-process( ... )(x, .. ) 
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LOTOS tools 
ESPRIT Software Thecnology project 
SEDOS (Software Environment for the Design of Open 
Distributed Systems) to develop formal descriptions 
techniques and related tools. J;y/11..t:a.x + .se~"l.n.<tc 

Regarding LOTOS, 

-BELASI (Behavioural Language Simulator) Univ. of Twente 
* Simulation tool implementing the LOTOS semantic 
* only rudimentary support of the Abstract Data type part 
* written in C-Prolog, a LOTOS specification must be 

translated to a C-Pr9log 
* they found limits due to the implementation 

it was superseded by IITPPO 

- HIPPO (Lotos Simulator) in C-language 
* generation of an Abstract Data Type tenn rewrite system 
* evaluation of an Abstract Data Type tenn rewrite system 
* communication tree walker 
* menu computation and selection 
* tenn analysis and display . 
* state infonnation display at each step in a communication tree 

future work on: coverage and petf orrnance analysis, human 
intetface. property checking (deadlock, livelock, reachibility, ... ) 

JJ/stn·hUfiofJt.. t, llDn:t:o.frf "r. 
blf thw:.~~; 7 1:..k--~ 
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The introduction of timing in LOTOS 
to achieve realistic description of systems which exhibit time 
dependent behaviour 

- Timed-Action proposed by Quemada and Fernandez 
I ... 

- Timed-Interaction proposed by Bolognesi, Lucidio and Triglia 
- Simple-Timed proposed in this presentation 

Grammar of Timed-Action.LOTOS behaviour expression 

behaviour-expression ::= 
stop 

I gate-i~ time-interv a~; be ha vi our- expression 
I behaviour-expression [] behaviour-expression 
I behaviour-ex ression I ate-id-list I behaviour-expression 
I old(time,behaviour-ex ression) 
I process-id gate-id-list. 

process-id . ·- id . .. 
gate-id . ·- id . .. 
gate-id-lfst . ·- [ ] .. 

[ ate-id ' ate-id} ] . 
time-interval .. <time, time> . . 
time .. natural. .. 

Behaviour expression g;B is now ~efined as g<timel,time2>;B 
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--

Grammar of Timed-Interaction LOTOS behaviour expression 

behaviour-expression ::-
stop 

I gate-id ; behaviour-expression 
I behaviour-expression [] behaviour-expression 
I behaviour-expression I gate-id-list I behaviour-expression 
I old(time,behaviour-expression) 
I process-I gate-I - Ist 
I f timer gate-id time-interval in behaviour-expression 

No time interval is explicity associated with action prefix. 
Such inteivals are instead associated with t1e 'timer' operator, 
that is applied to any behaviour expression. 
The model follows the Fernandez and Quemada work . The intent 
was the modelling of the "wait-until-timeout" scenario in the 
basic-LOTOS environment 

We think that if we consider the global LOTOS not only the 
modelling of this scenario is possible without the introduction 
of the 'timer' operator, but the syntax is also more simple 
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Grammar of Simple-Timed LOTOS behaviour expression 

behaviour-expression ::= 
stop 
gate-id time ; behaviour-expression 
guard-mode -> behaviour-expression 
behaviour-expression [] behaviour-expression 
behaviour-expression I gate-id-list I behaviour-expression 
process-id gate-id-list. 

time .. .. <natural> . 

The time (not a time iI;tterval) is introduced in the action 
prefix. This time is the instant in which the action is hold. 

The introduction of the logical function 'delta' in the 
guard-mode is able to model the "wait-until-timeot" scenario. 

In LOTOS syntax, an example (from the Futurebus+ simulation) 

power_systeml [gv] (timeP:time)--
[delta(timeP,tdel)] --> i<Tim_i>; 

power_system2 [gv] (Tim~i) 

·-.-

Tim_i is the timeout function with an argument Tim_i 

.-

.. 

-

-

-

-

.. • 

5 i fYL. r .f e. -Tf Yn. I!-.,,(_ UJ Ti!J S ini-t tum fPn.f -f J,_ L :5 fa_ hda.r.,(_ 

LoTtJ'31 ~/i.~d wi./-f... ii'>He -./-1..e. UJTOS ~;,~. 

~ ~~tz:a..' oo. .. :·;, .. ,,,,l ;Jt.·vz·,,,,,_;J,, to -fk. JG<.a.r~-htal. 
-M..e.. ~ t:fj t-0 ~ee ?R.ol.L)o- c..e'cc.u.se.c . • 
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* The Simple-Timed LOTOS tools are written in Quintus-Prolog 
(we started using C-Prolog). 

Implement the standard LOTOS, extending with time the 
LOTOS syntax and semantic, and giving to the guard-mode 
the ability to call Prolog clauses. 

Semantic of Simple-Timed LOTOS in Prolog. one example: 

Guard Mode 
---------------

der(B-->P,A,Q,[Ta, Tz]):-!, 
valid(B,[Tal ,Tzl]), 
der(P ,A,Q,[Ta2, Tz2]), 
maxtim(Tal, Ta2, Ta), 
min tim(Tz 1, Tz2, Tz), 
ge(Tz,Ta). 

B is the guard-mode 
P is the behaviour if B is true 
A is the action 
Q is the new behaviour 
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Major toolset componets 

LOTOS text .... 

Prolog text 

F 
R 
0 
N 
T 

E 
N 
D 

Scanner 

+ Syntax checker 

Static sem!tics Analyzer 

+ 
Pro log code generator 

+ 
Simulator 

Q 
u . 
1 

n 
t 
u 
s 

p 
r 
0 

1 
0 

g 

Scanner accept an ASCII text file containing ordinary LOTOS 
text and output a list of Tokens th~t is the input to the 
Syntax Checker 
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--

The Syntax Checker 

.+Prolog's grammar rule are used. 
A grammar rule in Pro log takes the general f onn 

head --> body 
meaning "a possible f onn for head is body". Both body and head 
are sequences of one or more items linked by the standard Prolog 
conjunctor operator ',' and disjunctoJf operator 'I'. 

Extra conditions, in f onn of Pro log procedure calls, may be 
included in the righ end side of a grammar rule. Such procedure calls 
are written enclosed in curly brackets (' {' and '} '). 

data_type_definition(Type) --> 
type_symbol, 
type _identifier(Typid ), 
is_symbol, 
p _expression(Pexpr ), 
end_type_symbol, 

{ getsym(type,Type,[type,Typid,is,Pexpr,endtype])} 
I library _declaration(LibDecl), 

{ getsym(type,Type,LibDecl)}. 

p_expression(Pexpr) --> 

getsym is used to produce the output of the Abstract Syntax tree 
ad"-&.~ a... f1t.4.K) doue.ce ;;.....z;;- -/.1..L ...):>Nta~~e_ 
IVl<-d j'Ue.~ ~ r~;ter ~,.ae 
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.. 

The Static Semantic Analyzer .. 
This tool reads a coloured Abstract Syntax Tree as produced byf 
the Syntax Checker, and performs the combined functions of static 
semantic checking, Abstract Data Type library insertion, and Abstrac-
Da:ta Type flattening. . ~ d ~-g 

~ so!t1e -tJ.4, ~.e-r~ _, 7"L ~~i?Lc..es 
..W-aJe~h(, ~of~· .. 

The Prolog Code Generator 

Some examples: 

sorts( true, bool, boolean). 
sorts (f al se,b ool, boo 1 ean). 

sorts(not(X), bool, boolean):-
sorts(X, boo 1, boolean). 

sorts(X and Y,bool,boolean):-
sorts(X, bool, boolean), 
sorts(Y,bool,boolean). 

The signature of Boolean data type in Prolog 

382 

-

-
-

-

-

-

-



rewrite _rule (boo 1 e an, boo l ,not( true), false). 
rewrite_rule(boolean, bool,not(false ), true). 

rewrite_rule(boolean,bool,X and true, X):-
sorts(X,bool,boolean). 

rewrite_rule(boolean,bool,X implies Y, Y or not(X)):-
s orts(X, bool, boolean), 
sorts(Y ,boo I, boolean). 

The equation of Boolean data type in Prolog 
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Simulator 

The Simulator is a single tool which perform the following 
functions: 

* evaluation of an Abstract Data Type term rewrite system, 
* communication tree walker, 
* menu computation and selection, 
* term analysis and display, 
* state information display at each step in a communication 

tree. 
f/JffO 7 . 

·-

.... 

-
-

It accepts to its input the Prolog code of LOTOS text and Prolog _ 
procedure called in guard mode from LOTOS text. This feature i 

OJt useful and powerful extension of LOTOS. 

-

·-

-
-
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Simu.fation based. on 'Logicaf Layer Specification of f uturebus+: 
Arbitration Competion Logic and the Bus Control: Powerup, System 
Reset, Bus Initialise, Live Insertion and Live Withdrawal. 

Bus Signal 

<--AD-> 
<--BP-> 
<--TO-> 
<--TP-> 
<--CM-> 
<--CP-> 
<--ST-> 
<--CA-> 

<--AS-> 
~--AK-> 

<--AI-> 
<--DS-> 
<--DK-> 
<--DI-> 

<--AB-> 
<-ABP-> 
<--AP-> 
<--AQ-> 
<--AR-> 
<--AC-> 

<--RE-> 

Module 32-bit version 

INFORMATION LLNES 
AD Address/Data 
BP Byte Parity 
TO Tag 
TP Tag Parity 
CM Command Field 
CP Command Parity 
ST Status 
Ca Capability 

SYNCHRONIZATION LINE 
AS Address Sync 
AK Address Acknowledge 
AI Address Acknowledge Inverse 

· DS Data Sync 
DK Data Acknowledge 
DI Data Acknowledge Inverse 

CONTROL ACQUISITION LINE 
AB Arbitration Bus 
ABP Arbitration Parity 
AP Arbitration Synchronization 
AO Arbitration Synchronization 
AR Arbitration Synchronization 
AC Arbitration Condition : 

RESET/BUS LNITIALIZE LINE 
RE Reset/Bus 

32 
4 
8 
I 
8 
I 
8 
3 

I 
l 
1 
1 
1 
1 

8 
1 
1 
1 
1 
2 

1 

.5i m..u. tttt.&;"1- -{-14.IL£,J . ll'l t:; a..ec..4')~t -tk J,.:,,.,,. e 

1a.7A m.eli r 
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The Futurebus+ model with three Modules 

Power Sys.' --Pwr --> 

B 

I t--Moda--> 
Module a <--Bus a -- U 
------~ 

•--Mod b --
Iv1odule b t<-- Bus b--

I ~-Mod c --Module c __ Bus c--
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--

Elementary functions of the Future bus+ example 

modW is Mod <Time> - Sg 
~ modR is Bus <Time> ?Sg:sgn [get_bus(Mod,Bus,Sg,Time)] 

busW is Bus <Time> - Sg 
busR is Mod <Time> ?Sg:sgn [wor(Sg,Time,CH)] 

get_bus and wor are Prolog Clau~es defined in the following 

get_bus(Mod,Bus,Sg,Time):-
lines(bus,S g,Sgv ,_), 
is_line(Bus,Sg,Sgv, Time), 
bus_control_attributes(Mod,Bus,Sg). 

wor(Signal, Time, CH):-
lines (modA, S ignal,S Ga,_), 
lines(modB,Signal,SGb,_), 
lines Cm od C, Sign al, S Ge,_), 
worb(SGa,SGb,SGc,SGbus), 
is_line_ CH(bus,Signal,S Gbus,CH, Time),!. 

()ffo'f' .e.~T ~ ( .e..·><e / ~ Lo?cJr;) 

Ct! ~ ~o. ~~ if-1-k 4iJ~ ~eJ 
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THE BU.S Description fnLOTOS 

bus([Pwr.Moda.Modb.Modc.Busa.Busb.Busc], []) := 
busRCPwr,_,SigRE. TimeRE. CH); 

busl([Pwr.Moda.Modb.Modc,Busa.Busb.Busc].[SigRE.TimeRE.CH]) . []. 
busR(M:oda.B usa.Siga. Tim ea. CH); 

busl([Pwr.Moda.Modb.Modc.Busa.Busb.Busc].[Siga.Timea.CH]) . [] . . . 

busR(M:odb.Bus b.Sigb.Timeb. CH); 
busl([Pwr.Moda.Modb,Modc.Busa.Busb.Busc] .[Sigb.Timeb.CH]) . []. 

busR(M:odc,B usc.Sigc. Timec. CH); 
busl([Pwr.Moda.Modb.Modc.Busa.Busb.Busc] .[Sigc,Timec.CH]). 

busl([Pwr.Moda.Modb.Modc.Busa.Busb.Busc]. 
[Sig:sgn. Time:time.CH:yesno]): = 
([CH=yesLSgl) .!J-->delay([Busa.Busb,Busc] .[Sig. Time]) . [] . 
[CH=noLSg2).!]-->stop) 

intl 
bus([Pwr.Moda.Modb.Modc.Busa.Busb,Busc].[]). 

delay([Busa.Busb.Busc].[Sig:sgn.Time:time]):= 
[deltaCTime.tirne5)]-->busWLModa.Busa.Sig._Timea);stop 

intl 
[ deltaCTime. time6) ]-->bus WLModb.Busb.Sig._Timeb);stop 

intl 
[deltaCTime.tirne7)]-->busWLModc.Busc.Sig._Timec);stop. 
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The LOTOS Program of the Futurbus+ model 

start([],[]):= 
bus([pwr,modA,modB ,modC,busA, busB, busC], []) 
lpar [pwr,modA,modB,modC,busA,busB,busC] rpar l [:--~J 

power_start([pwr,modA,modB,modC,busA,busB,busC], 
[ [0,0,0,0], [0,0,0,0], [0,0,0,0], [ 1,0,0,0] ]). 

l«-/•J&:., rfe.' '15 

power _start([Pwr,ModA,ModB,ModC,BusA,BusB ,B usC], 
[TimeP:time, TimeA:time, TimeB:time, TimeC :time]):= 

power _system! ([Pwr], [TimeP]) 
intl 

module([ModA,B usA], [TimeA]) 

. I ,,,, f 

intl 'll r' 
module([ModB ,B usB], [TimeB ]) 

intl 'JI t' 
module( [ModC,B usC], [TimeC]). 
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Powerup 
--------------

-. 

-,. 

-When a system is first powered, the power system assert the reset 
signal re*. The power system must assert re* prior to any of the bus 
power voltages reachingh 40 % ·of their .nominal value (this phJsica1 
condition is not rapresented in the simulation of the logical layer). -
The power system mantains re* asserted for 100 to 200 msec after a 
the bus power voltages are within regulation. This allows all module~ 
on the bus to detect that a system reset is occurrring. -

The power system shall: 

1. Prior to any bus voltage reaching 40 % of nominal voltage 
assert re* 

2. Maintain re* asserted until all bus voltages are within 
regulation specification 

3. Then continue to assert re* for an additional 100-200 ms 

4. Then release re* 
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·-' 

Powerup 
--------------

The Powerup System in LOTOS 

. power _systeml([Pwr], [TimeP:time]):= 
[delta(TimeP, timeO),set_line(Pwr, 'RE' ,TimeP), !]--> 

modW(Pwr,_,'RE' ,Time); /:t 11 - 'fl.Ei;r-r.J· . {) er5 ~ rr power _system2 ([Pwr], [Time]). · 

power _system2([Pwr], [Time:time]):= 
power _system3 ([Pwr], [Time]). 

power _system3([Pwr], [Time:time]):= 
[delta(Time,timel00)]-->power_system4([Pwr], []). 

power _system4([Pwr], []) := 
i(clearRE, Time, [clear _line(Pwr, 'RE', Time),!]); 
modW(Pwr,_,'RE' ,Time); ~~a..,.. flE: a..•·~ r; 

stop. effe-rs -IM 11e..J t/l:f.cue.. 
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Live insertion 

The logical protocols of Futurbus+ provide facilities for modules . 
which are inserted into a powered operating system to align their -
logic state machines with the other modules on the bus and begin 
operation. When a module is inserted into the bus and detects that it 
has just powered up it checks to see if RE* is asserted. If it is not ... 
asserted the module assumes it has been inserted into a live system. 
If the reset line is asserted it waits to see if is a full system 
reset and not a bus initialize or live insertion. Eventually the 
module knows if it has been inserted into a live system. 

A module inserted into a live system assert re* to notify all the 
other modules that it needs to align. All other modules upon 
detecting RE* asserted should be set their transaction timeout 
register to limit the remaining lenght of the current parallel bus 
transaction to 128 usec, then finish the current parallel bus 
transaction and the current arbitration sequence and then wait. This 
causes the bus to go into an idle state. The inserted module waits 
after it has asserted reset until is has detected the bus in a 
continuus idle state for at least 1 usec and then it asserts ai* and 
ar* to complete the alignt:ment. It then release re* and all modules 
resume operation when they detect REf at logic: zero. 
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-

The modules shall: 

1. Perform all internal reset operations necessary to allow 
partecipation in bus transaction 

2. If RE* wait until SYS_RESET I rEf 

3. If SYS_RESE1J proceed to system reset 

4. If rEf wait for a minimum of lus and then assert re* 

5. 

The Live Insertion System in LOT OS 

live_insertionl ([Mod, Bus], [Time:time]): = 
i (reset, Time 1, [bus_control_attributes(Mod,Bus) ]); 
live_insertionla([Mod,B us], [Time 1]). 

live_insertionla([Mod,Bus], [Time:time]):= 
[delta(Time, time45)]--> 

i( wait_reset_complete,_ Time L [chk_RESET·_COMPLETE(Mod,Bus) 
Oive_insertion2([Mod,Bus], []) 
, []' 
live_insertion4([Mod,Bus], [])). 

- - - - -
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The bus control procedure in Prolog 

bus_ con tro l_a ttri bu te s(M od, Bus, Sig): -
(Sig= 'RE',!, bus_control_attributes(Mod,Bus), !) ; 
(Sig=' AS',!, bus_control_attributes(Mod,Bus), !); 
(Sig=' AI' ,!,bus_control_attributes(Mod,Bus),!); 
(Sig=' AK' ,!,bus_control_attributes(Mod,Bus),!). 

bus_control_attri butes(_Mod,_B us,_S ig) :- ! . 

bus_control_attributes(Mod,B us):- . 
chkO_SYS_RESET(Mod,Bus), 
chk_BUS_IDLE(Mod,Bus), 
chk_BUS_IDLE_l us(Mod,Bus), . 
chk_POWER_UP(Mod,Bus), 
chk_BUS_INIT(Mod,Bus), 
chk_ENTRANT(Mod,Bus), 
chk_LIVE . .INSERTION(Mod,Bus), 
chk_BUS_HOLD(Mod,Bus), 
chk_INIT(Mod,Bus), 
chk_LIVE_ WITHDRAW AL_COMMAND(Mod,Bus), 
chk_READY _FOR_ WITHDRA WAL(Mod,Bus). 
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, .... 

The Trace of Events during a simulation 
Gate Time Event 

pwr 
bus A 

·busB 

<O> 
<5> 
<6> 

busC <7> 
i(power_up) < 10> 
i(power_up) < 10> 
i(waiLSYS_RESET) <IO> 

?RE;sgn [wor(RE,[0,0,0,0Jses(fO]))] 
-RE [get_bus(rnodA,busA,RE,[0,0,0,5])] 
-RE [geLbus(rnodB,busB,RE, [0,0,0,6]) J 
-RE [get_bus(rnod C,busC,RE,[0,0,0,7])} 

[set_Attr(power _up,rnodA),!J 
[seLAttr(power _up,rnodB),!] 

i(wait_sys_RESET) <10> _ _ - _ _ __ - - -
i(chkl) <30:0:5> [chkl _SYS_RESET(rnodA,busA)J 
rnodA <30:0:5> ?RE:sgn [wor(RE,(0,30,0,5],no([OJ))J 
i(chkl) <30:0:6> [chkl_SYS_RESET(rnodB,busB)] 
rnodB <30:0:6> ?RE:sgn [wor(RE,[0,30,0,6),no([OJ))J 
i(chkl) <30:0:7> fchkl _SYS_RESET(rnodC,busC)J 
i(waiLreset_cornp1) <30:45:5> [chk_RESET _COMPLETE(rnodA,busA)] 
rnodA <30:45:5> ?RE:sgn fwor(RE,[0,30,45,5),no([OJ))J 
i(waiLreseLcornp1) <30:45:6> . fchk_RESET_COMPLETE(rnodB,busB)] 
rnodB <30:45:6> ?RE:sgn [wor(RE,[0,30,45,6),no([O]))] - - " 
i(c1earRE) < 100:0:0> [clear _1ine(pwr,RE,[0,100,0,0]),! J -. -powtt-'-. 
pwr < 100:0:0> ?RE:sgn [wor(RE,[0,100,0,0Jses([l ]))] ! ~47~'"'q 
busA < 100:0:5> -RE [get_bus(modA,busA,RE,[0,100,0,5])] _ . 

··--····-·-·--····-···-·-·-·-············ 
i(chkl) < 1:30:46:17> [chkl _SYS_RESET(rnodC,busC)J 
i(wait_reset_comp1) < 1:30:91:1.5> [chk_RESET _COMPLETE(rnodA,busA)J 
mod A < 1:30:91: 15 > ?RE:sgn [wor(RE,[ 1,30,91, 15),no([O]))] 
i(waiLreset_comp1) < 1:30:91:16> lchk_RESET _COMPLETE(rnodB,busB)] 
rnodB <1:30:91:16> ?RE:sgn [wor(RE,[l,30,91,16),no([O]))J 
i(wait_power_up) <1:530:91:15> 
i(waiLpower _up) < 1:530:91: 16> 

sec:rnsec:usec:ns 

' ab. da/A, rrer_r.a·~~ /o-r 
ffoOt:l rr~SV>I--T£~ 

395 



-
- Ar~fi·c-iae t:M2~e. ~~e! ojfar-

0!.(l.W w~ s t; /,Jtl')UU.fa.Uth<-- . 

- L07<JS ,£efi/M:~t>?t- 'ff!r &_ t:L~-(d_~ t;- -
. test- a.~£ r/~cla.k t..*f&~e..r.ta.:7~-;i.s: 
~~01 R;_t1e~~1 , .•. a"'a.t-;;s1s -62.J<er_,-

- Cf}/Jkfr::t11!tJ"'-- _--w;/J_ l/~Je/LO&=- too~_/A:'k~ he_ 
f7°1/idRA. @l · -

- thte :fbtr/~9r- ~ -dZtf /fe.;1a1<cL to 
eP~/i, tk w{pJ 'iobf. -

- ?-rot7 f'"Padu1'"e.> ~~d ~ ~u.e:z,~-ht~ 
J-r()l'M:... lPTf).s ~t- . is eUt. u.sefu~· aA1d -
1thtJe-rfke u,ff,-xStt:J/h.. ~ LOTOS. 

-

*'.S'°~ J>A~ $r~~F KLPC~~ 
a±_ lk ~;f if/~? ~ T~ca.Zi!,. -1-~ r -

fh'I- .,.,~'>'t.c..f t'ie ~ ~e us~ 7U~re~ a-I 
~ €.i/"Z""'1.-(; /D"'°"CL ('"J'O r _It-,.~ -&.vee. -

396 -



(,I) 
CD ..... 

) ) 

Modeling and Simulation of an Event Builder 
for 

High Energy Physics Data Acquisition Systems 

Vishal S. Kapoor 

University of Texas at Arlington 
Department Of Computer Science Engineering 

) 



(A) 
U> 
CX> 

c c 

Introduction 

Problem To specify an event builder for HEP DAQ systems 

Challenge To handle high data rates and volumes 

Approach System Level Modeling and Simulation 
Gate Level Modeling and Simulation 
Top Down Design Methodology 
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HISTORY OF EVENT BUILDING 
(70s until the present) 

• minicomputer sequential readout 

• very little buffering 

• CAMAC packaging 

• tree-structured data acquisition systems 

• F ASTBUS packaging 

• parallel sub-event building 

• experiment triggers disabled while reading 

• > 10% deadtimes 

• upto 10s of MB/s event building 
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Interconnect Architectures 

( •shared bus 

I • multiple bus 
H :-':"' 

1 
.. ,._ . 

• multiport memory 
i 

l • dual port memory 

V• crossbar interconnect 
(~r1~wl J/i.tb'let.~ 

• mesh interconnect 
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Interconnection Network Terminology 

s ~.....-/~ D -L ---
s Interconnection D 

l Nf,twork 
s D L) 
s D 

Data Data 
Sources Destinations 

vPacket Switching 
Circuit Switching 

v Synchronous 
Asynchronous 

v Centralized 
Decentralized 

v Non-blocking 
Blocking 
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EVENT BUILDER 
irregular subevent sizes 

•only nulls 

• single subevent data 

• multiple subevent data 

• single subevent data padded with nulls 

•multiple subevent data padded with nulls 

I I 

~lA 17.f\. 
•• I I 

I 

1;3A 
I 

Fixed Length 
Packet Boundaries 

I I 

~A :sA 
I I 
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PARALLEL EVENT BUILDER 
WITH 

TIME SLOT INTERCHANGERS 
INPtrTTSI A OUTPlTT TSI 1 

_f
----~------~11 

0 I l"IPO a..trer J I I 
l"IPO a..trer J 

0 FIFO autrer A 

PIF'Oaurrva 

SOURCE A I 
I 
I 
: o----c 

FIFO ktrer J 

l"IPO a..trer 4 

!.-- - --==-=--===-=:....: 
INPVTTSIB 

_J l"IPO a..lrer J 

l"IPO a..trer J 

SOUR~a FIFO .. _., 

nro ..... • 

l"IPO a..lrer J 

FIFOBulrer2 

SOURCEC FIFOButrerJ 

FIFO lkall'er 4 

PIPOlhfterJ 

1"1FO a..lrer J 

SOURCED 

FIFO Sutrer C DESTINATION I 

FIPOSutrerD 

OVTPlTT TSI 2 
r--------------------~ I 

L P'D"O Sutrer A 

nPOa..a .... 

P'D"O ...,,.,. c 
I DESTINATION 2 

P'D"O S.O•r D 
I ---------------------· 

OUTI"lTr TSI 3 

PIF'O aurrer A 

FIFO autrer a 

PIF'O ....., ... c 

FIFOSutrerD 

FIFO Sutrera 

FIFO aurr ... c 

L 
I 

I DESTINATION 3 

L 
I 
I DE!t"TINATION 4 
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SYSTEM-LEVEL 
SIMULATION 

• descriptive modeling 

• behavioral simulation 

• system-level variables such as 
throughput and deadtime 
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SYSTEM 
PARAMETERS 

• the system is tuned such that it saturates at a 
event rate of 160 Hz 

1 MB <event size> & 8 channels 
125 KB I channel 
20 :MB I second links on each channel 
20 MB s·1 /125 KB = 160 Hz 

.• 130 Hz - 240 Hz - event input rate fixed rate) 

• lMB mean event size around various distributions 

• two architectures 
-base 
- availability feedback loop 
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. . 
o''~~"?A., 1 

Inheritance tree 
for the 

Input Time Slot Interchanger 

Named Obj 

TriggerSignaJObj 

basic object which 
provides identity 

information 

/ ____ ___ 
provides DAQ related 
functionality such as 

accepting eftllts, 
logging statistics, etc. 

pnnricles the parameters 
needed for the user 

interface and reportin& 
ParameterObj 

ITSIObj 

dedicated input 
time slot interchanger 

TSIObj 

DataTramportObj 
defines the producer 
and consumer for a 

data tranfer operatioa 

basic time slot interchanger 
which provides buffering 
for the input and output 

ol the interconnection network 

OTSIObj 

dedicated output 
time slot interchanger 

II 
II 
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MODSIMII 

• object-oriented 

•modular 

• block structured 

• strongly-typed 

• process-oriented 

• discrete-event simulation 
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:ii. ...... 
O> 

• • c 

Program 
Information 

• 4500 lines of MODSIM code 
• 20 objects (DAQ and utility) 
•Average simulation time 1-2 hours (64 X 64) 

• 500 runs - various topologies 

c • • f c f . ,. c • 



SYSTEM 
VARIABLES MEASURED 

• dead time in the Input Time Slot 
Interchanger (ITSI) buffers 

• percentage of nulls being switched 
through the interconnection network 

• percentage of complete events built 
by the system 
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SYSTEM 
CONSTANTS 

• 8 X 8 switch 

• 20 MBytes/second on each link 

• 1 MB memory for each ITSI 

• 3 MB memory for each OTSI 

• each TSI divided into 8 logical buffers 

•packet size equal to 10% of the 
<subevent>size 
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CONCLUSIONS 
( beh~vi,o~·~L) 

• ITSI buffer size insufficient (out. tve"'t) 

•packet size feasible 

• feedback improves the efficiency 

• such an architecture requires a 
high degree of synchronization and 
regularity 
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GATE-LEVEL 
SIMULATION 

• prescriptive modeling 

• hardware simulation 

• design functionality 
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ITSI 
REQUIREMENTS 

• memory organized as FIFO buffers 

• header and data separation 

• header decoding 

• sequencing packets for transmission 

1 to8 
I 8-bits I 8-bit I 8-bits I 8-bits I 8-bits I 8-bits I 

words I trl ptrn I data I we I pr id I ev id ~dr ptrtj 

data format 
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VERILOG 

• different levels of simulation 
•system/architectural 
• behavioral/register transfer 
•gate level 

•allows mixed level simulation 

• stochastic analysis 

• hierarchical specification 

• libraries for logic synthesis 

• interactive debugging 
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STATE DIAGRAMS 
FOR THE 

ITSI OPERATION 

r----------------------------------------------
inpll.l f ratM 

tkuct 11/Jte machbu 

i.ac .. EV_ID 

·----------------------------------------------
~----------------------------------------------, 

Olllpll.l JuDilu 
6'quencing siau lllllCNM 

p&Pll.ID 

----------------------------------------------
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Logic-level Schematic diagram of the ITSI 

-
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,.;-,_._. ,• 

11.-1-. MEMORY WRITE AND READ OPERA TJONS • 1 

DIM: l• '· 1"2 11:31:31 Time Scale From: I Ta: 12'5 Pqe: Jell 

lnbus SS • II li---t55 11 SS IZ f7 

clata_d 

mem_ln • 
wr_ptr • 
wr_mt 

rd_en 

mem_out • • 
rd_ptr • • • • 
rd_mt • • II 

outbus 11-------------------ilss I· I·· 1-1 .. ~ 

--

437 



-
Gateway· -·- .. 

&....-: MEMORY warn: A!lo'D READ OPERA noNS • l 
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-
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In -rd_cnt II II 17 
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-
-

TIME -JltS JUI 1'45 
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Gateway -.· .... -. 
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Bader. MEMORY WRITE A.i"iD READ OPERATIONS· l 

DM.e: Ju '• lf9Z U:Jf:51 TI•• Scale rr-: 25'5 To: lU5 

in bus 55 15 M IJ le 55 " M " 
data_d 

mem_la 

wr_ptr I· 111 l 11 

wr_cat 12 , ., IJ 

· rd_ea 

mem_out a 117 Ill I· 
rd_ptr .. I· I .. I .. 
rd_cat " lu tJ 

out bus 55 tJ a 17 ll • 

TIME 
2'17 3241 
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Buder: OUI'J'VT STA n: MA~'E .V."D SEQUENCING LOGIC 

Tl•• Scale Fnm: 171 To: 212t Par:e: 1 Ill 1 

dk4 

restart 

cnt_rcb 
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out_3 
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ev_ld_s • • 
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rd_addr • • 
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CONCLUSIONS 
(8oA - LP.vet) 

• idea of load balancing the buffers in 
the ITSI, learnt from the MODSIM 
simulation, was implemented 

• functionality of the design was 
verified 
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SUMMARY 

• studied the event builder problem 
at the SSC 

• behavioral study done in MODSIM II 
- deadtime 
- switch efficiency 
- gross system behavior 

• gate-level study done in VERILOG 
- focussed on packet structure 
- memory (ITSI) implementation 

• results are a useful basis for a final 
ASIC design 
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Proposed Modification to CDF DAQ System 

(Solid lines represent previously existing hardware) 

Level 3 Farm (SGI multiprocessors) 

Event Builder 

• I 

-------------. 
I 
I 
I 

---------------------, 

Event Builder 2 

____________________ , 

' I 
I 
I ,----------

Front End Scanners 
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Figure 2: The combined scanner and buffering livetime of the CDF DAQ system operating 
with two Event Builders. This livetime onl)' includes the loss of L2 triggers due to a buffer-
full condition in the scanners and the loss of triggers when the scanners are digitizing. It 
does not include LI or L2 trigger deadtime. We plot the rates separately for the three 
configurations discussed in the text, a single EVB with 4 engines, and two EVB's with both 
2 engines and 4 engines. 
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Buffer Livetime vs. L2 Rote (Hz) 

Figure 1: The buffering livetime of the CDF DAQ system operating with two Event Builders. 
This livetime only includes the loss of L2 triggers due to a buffer-full condition in the 
scanners. Thus, it does not include dead time associated with scanner and trigger processing. 
We plot the rates separately for the three configurations discussed in the text, a single EVB 
with 4 engines, and two EVB's with both 2 engines and 4 engines. 
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II 
II 
II 
II 
II 
II 
II 
II 
II 

Behavioral level code for a two bit counter 
that triggers on posistive going edge and has 
asyncronous reset. This the L2WA. 

file: -ekenberglvlsiltvcamulL2WAIL2WABverilog 

library file: -ekenberglliblveriloglmoduleslL2WA 

module L2WA(L2WAO,L2WA1,clk,reset_); 
output L2WAO; 
output L2WAl; 
input elk; 
input reset_; 

wire elk; 
wire reset_; 

reg L2WAO; 
reg L2WA1; 

reg [0:1] twobitc; 

always @(posedge elk) 
begin 

if (reset_) 
begin 

twobitc = twobitc + l; 
L2WAO = twobitc[l]; 
L2WA1 = twobitc(O]; 

end 

end 
else 

begin 

end 

twobitc = O; 
L2WAO = twobitc(l]; 
L2WAl = twobitc[O]; 

always @(negedge reset_) 
begin 

end 

endmodule 

twobitc = 0; 
L2WAO = twobitc(l]; 
L2WA1 = twobitc[O]; 
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II Verilog netlist of 
ll"lhomelu21ekenberglvlsiltveamulDaqEx• 

II HDL models 

II End HDL models 

module DaqEx(outO, outl, out2, out3, elk, hnl_l4); 

output outO, outl, out2, out3; 

input elk, hnl_l4; 

two4decoder Ill(outO, outl, out2, out3, hnl_lS, hnl_l6); 
L2WA IO(hnl_lS, hnl_l6, elk, hnl_l4); 

endmodule 
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II Verilog netlist of 
ll"lhomelu21ekenberglvlsiltvearnulDaqEx" 

II HDL models 

II End HDL models 

module nanf211 (01, 02, Al, Bl); 
output 01, 02; 
input Al, Bl; 
supplyO hnl_O; 
supplyl hnl_l; 
tranifl hnl_2(02, hnl_O, 01); 
tranifl hnl_3(hnl_4, hnl_O, Bl}; 
tranifl hnl_SCOl, hnl_4, Al}; 
tranifO hnl_6(02, hnl_l, 01); 
tranifO hnl_7(0l, hnl_l, Bl}; 
tranifO hnl_S(Ol, hnl_l, Al}; 
endmodule 

module two4deeoder (outO, outl, out2, out3, inO, inl}; 
output outO, outl, out2, out3; 
input inO, inl; 
supplyO hnl_O; 
supplyl hnl_l; 
nanf211 Il7Chnl_9, outl, hnl_lO, inO); 
nanf211 Il6Chnl_ll, out2, inl, hnl_l2); 
nanf211 Il5Chnl_l3, out3, inl, inO); 
not IS(hnl_l2, inO); 
not I2(hnl_l0, inl); 
nor IO(outO, inl, inO); 
endmodule 

module DaqEx(outO, outl, out2, out3, elk, hnl_l4); 
output outO, outl, out2, out3; 
input elk, hnl_l4; 
supplyO hnl_O; 
supplyl hnl_l; 
two4deeoder Ill(outO, outl, out2, out3, hnl_lS, hnl_l6); 
L2WA IO(hnl_lS, hnl_l6, elk, hnl_l4); 
endmodule 
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Cadence Wavef orrn Display Ix rn lrrne_unHsJ 
[]- /10/1172.EO 
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[]- /LEVEL lOK 

1- ~ : : I I I I I I I I I I I I I I 1. I I I I 11. I I I I I I I I I I I II I I • I I I I I 
0- /reset · 

I : : : : : : : '. '. : '. : '. '. '. '. '. '. '. '. : '. '. '. : : '. '. : '. '. '. '. : : : : : : : I 
0- /10.STARL 

I : : : : : : : : : I'. : -)-~l~H~~~ I I I I I ) I I I I I'. : : : : I : : ) : : I : : I 
_,. 0- 111.dala shi:ped 

~ I : : : : : : : : : : ( : ) : : I : : : : : I : : : : ) : : . : : i: : : : : I : : J : : ,, 
O- /10.doto vohd 

1 :: : : : : : : : : tUDJ: : : :n : : : :r1 : : : n: : : : CLhJ1 
O- /11.ConversionDone I : : : : : : : :~~{~ : --:i --~ -~-I : -: : : : I : : : : ) : : : : i: : : : : I : : :1 : : I : I 
0- /l2ACCEPT 

[J: : ~ : :~ : : ~ : : ~: : ~ : : ~~ :- ~ : : ~ : : ~: : :~ : : ~ : : ~: : ~ : : ~: : ~ : : ~ : : I 
O- /L2STROBE 

11: : ( : ) : : I: : ( : ) : :1: : ) : :1: : ( : ) : :1: : ( : ) : : 1: : ~ : :1: : I 
0- /incrl 2oulcounl 

I : , : : : · : : : : : 1: : ) : : I : : : : : I : : : : ) : : : : ( : : : : I : : 1) : : I : : I 
0 /10.doln nr1u:u•nl I : 1 
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VER!LOG-XL l.5c log file created Apr 22, 1992 15:17:54 
* Copyright Cadence Design Systems. Inc. 1985, 1988. 
* All Rights Reserved. Licensed Software. 

* 
* 

* Confidential and proprietary information which is the * 
* property of Cadence Design Systems, Inc. * 

Verilog l.5c with Edge additionsCompiling source file •si.inp• 
Compiling source file "verisave.cmdfile" 
Scanning library directory •/home/u2/ekenberg/lib/verilog/modules• 
Highest level modules: 
test 
save_mod 

START_ 0 = 4 (0000000100) 
START_ 1 = 5 (0000000101) 
START_ 2 = 6 (0000000110) 
START_ 3 = 8 (0000001000) 
START_ 4 = 10 (0000001010) 
START_ 5 = 12 (0000001100) 
START_ 6 = 14 (0000001110) 
START_ 7 = 17 (0000010001) 
START_ 8 = 18 (0000010010) 
L5100 •si.inp•: $finish at simulation time 40608 
2370404 simulation events 
CPU time: 2 secs to compile +·o secs to link+ 108 secs in simulation 
End of VERILOG-XL 1.Sc Apr 22, 1992 15:19:47 

471 



-

e~Au PL& OS: l~t.oft.-PO R..AT1(1f. 

9beTAU.ti D 1>E.SIC.U~ l~TO M01Lt: 

A"Q'T R>tc.i'" 'IAAULAT I 04(..I ~, -
-

A .SIMPt-• wAV 'TD ., .... ,-

.uGw C.OAJC. £~To!. TtJt:rETH-EL -
futlM 6X,$Th<~G- 1)e-~1G,l.J~ 

-

-

.. 

• 

472 



• GATE Ltiv61- 6fMU~ATtUAJ & 

&U~L~M S U7E "D 1!~ 61>1C. e -
L.1 k &' $ aM Uc.. AT t 0 Al ~. 

• C ~A 1l Ao C. -rs».1 "t .a e'AC. t.l ilLO C.. K 

w • T H 1) &'T A ' c.. et) c. \1lC. u • r 

• 

~IAAUL AT lO..V ='> US.&" I HE 

~ e!.t> 1. T 1 A.I Va tt. ' c.o t. 

473 



·-

·-
• l. & MA VIOL LE"E&. Vtil. \tOG-

t) £A~\' AuQ EFF•'-•ur -
IC) $1MU e-A-T6 <:_ a R,(..U t T 

OAJ "'ILO C..lt 1)1AC.ilA~ -
LE"EI.. Foe.. Lotr1~,. L 

Ftl»t.TtONALITY -
~) CA~ I A.JTEI.. r:At.E -ro 

AAOI. 6 A~~TlAL r -
SIMUL AT)ON~ ot= 

l)A Q I Tf. I '-'-ER. ' A.J (;,. .. -
• GATt:r L€"5'- VsR.t 1..ot.. 

t) El=t=I (:.#!A.IT wAV o~ -
SIMOC.A~IU~ I llA I JJ Ga 

OF LAiCre C. \ Q. C.U•T ~ -

-474 



--

• JA 1 ~eo ~e.-Av 1o'kAL / t,A-r~ 

LfiVEL SIM tlL. A Tl OAtl 5 

t) 51~ )l.I? WAV To -r11J1T 

Al&W C. lft,UIT CCJAJC..ti'PT~ 

( REP1'e~AJ T&t> \&V llt.oc.i's 
o~ BEH-AVIO~A\.. L.&"~L Cob&) 

70(,&TMeQ. w1rW. &>tlSTIJIG-

-ve~' '-N' 

475 



-
.. 

-

-

-

-

-

-

-

-



n~ Dlero D1Ata. Ac~uisltlo/I Sjsfetn = 

Uole/ ()//' Uea!firedlents 

J. A. /J.)(9htma" 
lex.as A,t M' /)11iversity 

R. An9slodt~ M. £. Jol111S011J a114' :r. L. J.ftJJJninJ 
Fermi AJ1Afio11a.I At!telerator t..ai:Jomfory 

/,ljorbkp on Otit~ )c6uisif1'cln and Tr(ffer {rsfe111 
Stmv./l).f10111 lor f.l(jli Eit!'JJ P~,es 

April tl.~ !9f:L 

(!) TA~ D~ero /)afa. Ac31.11.rif!Ol'I /.lurd'~r~ 

~ tff cdel of t/Jt. /)Ze,ro DACi .ff m..i 
~ U11dersta11dtAJ the. !<£~ mode.I 

© Prospects /t;r tA~ Future. 

~ Co!JC/usio11s 

477 



478 

' -

-



Token Ring Serial Bus - --
Front end Front end Front end 
crate 1 • • • crate 9 crate 1 O 

C) 
c: 

j ' 
H 

j ' 
a: 
c: 

, I , , , , Q) 
~ 
0 rl Sequence~··~ VBD !····························~ VBD J ............. VBD 
,_ ... Q) :c . ca ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•..•....•..••....•...•••..• .......•.. u 

Repeater ca ..., 
ca c 

One of 8 Data Cables 

Repeater I 

1 I , , ' 
I Input I Input I Input I 
I Memory I Memory I Memory 

, ' 1' , ' 
Supervisor Node Node Node .._ • • • 1 2 so 

- --
Ethernet 

479 



-

Read out l'rom VM £ to t/,e.. D& tJIJt. -ti/. c B:~~'i.r: b-i~·u· 1 B.'>J 
~ BtJ . .!f!u:! -

-

480 -



- IA!. lile.ro DM? ~ ls a. h.Jbrid ardilec.t~) 
that ls J It ls p~sl - pull 

·or/ /.- J. A .,/. J ; ,, t. . -r:111 - ~IJJ. era; !.1 OJ~ p~.J11 

fl!. FAD~ :r ra1~rt.. .S!.l!liE i?!)?DY. w~£1'~ ~--2-~!f 
~o fr~11/:4r -:-Ae d?.fa_ i. 

7Ae VB!> nbd oat on t/Je Data. fal.Je. 1S f"'/I 
fii.r results l'rom -the. foKf!ll eontro I of' 
tAe, read oat 

481 



• 

482 • 



Test If busy 

Events -
exponential 
distribution 

~ 
CD 
(A) 

,J 

Lost events 
- deadtlme 

; 

Key 

6 Get a token 

'\J Release a token 

Data In a crate -
Gaussian distribution 

• 

FADC Buffering 

FADC Backplane 

t 
1 0 vrx Crates 

~ 

Trigger Type Buffering 

· VBD Buffering 

Events to tape 

0-0 Queue plus server 

RESQ Model Fo: The Simulation Of The VTX Readout 

L2 filter software -
Exponential service time 
+ a fixed unpack time 
+ a Q-bus delay 



0A6/t, -!_f' ,:; fh! ~~!1.,p~Ji~y cf tA ~ d~dJ!L /;v..(41· 
'"· t/J!- !-"-AD~ " 

w 1f fA!. ~cc.ttpat>CJ of' tl.e. tt~M!e.. /Jtr.tfiJ 
tii tA~ v"Bb 

ll ; :r :'Al. ~ ~-~v.paJJ;.q of' tA e. Let/-e./ :I. n ~d!.t 
~~mpu.! ~ -

.A tk tnpld- eve11f rate 
)', the, -b-aM/er rzde l'rom FA /JC. to JIB/) 
)J2 t-IJ~ fta/)Sfk rote l'~nt VBD to Leve,/ 2 
/Ai ~~ ff?JCtSSl''?J l'Zll-e ~h LIW~I ;i... 

&la.nee.. eftUJilonJ are tUr/tt&t aJtd. linear/~ed. 
aN1. ~~ st~-.stak sol J/o>t 1:S ~ti 

For 5o Lev~/ a. 11tJdt.tJ u.Jt.. Aave. S6 'I .. ffQ;te..r 
+I~": CP=I 

Dirt.ct So/IJflof\ unvert) :. It laou.rr 3100/~' 
:rttra.ti~ ~ltd-101\ (Sp!u-'se) ~ ~ :i htjn~ 31()()/71, 

484 

-

-

-

-
-

·-

-

-

-



·-

- 80 
~ -cu 
E ::: i 70 
c 
0 
~ 60 

50 

40 

30 

20 

10 

0 0 

Oeadtime fer Mu 1•1576 Hz, Mu2•597 Hz, Mu3• 14 Hz, n MicrcVAXs 

I 

20 40 60 80 100 
Input Rote (Hz) 

L/nts ~ +Ae lhea.su.~ dead tlmes !Jr 1-6 Level 2. 
JJod~s ,~ f/,e, s9m111. 

Pol11ts are tAe ana/jplGJ../ Soltd/o,._ .Por 
• ;l., Lev~/ ;J. JJodP.s 
• 3 Leve I .2. IJodtr 
• t:, Lt11e I a. JJode .s 

485 



\ 

~' • 
• 

'• •• 
' 

-
.. ) 

~ff 
... 

-
• 

I 
~
 

• • 
I 

.. ). 

' 
i 

' 
~
 

' 
,, 

~
}
 

~
 

-
l 

-
-

~
 

'• 
l ,.

 l 
\ 

• 
l 

l 
\ 

l l 
• 

~ 
I '" l 

' 

" 
I 

.. I I '\.. 

~ 
I 

~ 
~
 

• 1
' 

) 
l 

l 
l 

•, .. 
)
)
 

) 

~ 
) 

.. , 
\ 

) 
• 

) 

•• 
•,• 

) 

. ,• 
• 

) 
• .) 

•, 
) .. ) 

) 
,• .. 

•• 
• 

) 
• • 

·.·~ 
• 

• •• 
• ·> 

••• 
l 

'1
'•

 

" 
l

1 1
\ 

I 
1

1
1 

• 
•
' 

'1
 

K
 

) 
) 

r'i 
l 

•
•
 l 

l 
l 

. ~ ., 
!'t l 

l 
l 

l 
' 

J 

~ 
~ 

I 
I 

' 
I 

,,, 
' 

" 

" 
" 

\.. 
.. 

.. 
I 

I 
I 

J 
L• 

LI 486 

I 
I 

·-' 
) 

)
)
)
 

) 

) ) 

) 

-"""-
,_

 
,, 

-
• 

) 
~
 

-
J 

) 
~
 

~
 

} 

~
!
)
}
 

) 
.. 

~
)
·
 

• 
'"": 

I 
" ,, 

····.I L• 1 

) 
) 

) 

) • ) 

' 
'• 

) 

• 
) 

. ~ 
• • 
. .. ' •• 

l 
) 

' 
) 

l 

t 

,, 
:.:1 L~ 

-

.. o: ~ 
, 

'1' \ 
) 

l
l
 

• 
•• 

l 
l 

l 
l 

l 
•
' 

l 

~ 
1 

I 
I"·"""·" .,, .. ,,,,.,., 

I 
.... , ... 

"" 
,, ""I .. 

I , 
·. I 

u 
Lt 

) 

)
)
 

) ) 

:· . • ) 

1
• 

-------t ----



' 
I 

• 

·-

487 



RES~ 

Front-~nd (FAOC) 
~Bdrs 

VBD 
)_ 8ufh-s 

Le~/ ~ IJotlt..t 
So 

-

-

-
I w:tS/1 staf101l. t1.;ifJ~ .I 
p:u-k.t1!} s;n_ce. In IJ ~ ll f _ 

2 /?.?.;1·/:.1~ f Sp~!S ltl .. 
i'rc1it-a¥' I u;~ std1~n. -

5o ~sA1~rt 
-

-
; .. 

488 

• 

.. 



Prospects ~ t),~ Fkfur~ 

Tlie. DW-o D/16) S.!JSII!m is under,JO_t~ ttpi!radt.J' 
as m1JcA of' tA~ 3:>~ Control 1;, tAt! 
Supuvlsrx WJti Stguencer '~ ~l~ed tu1~ 
hard/QaN!. 

~/o" ; _lS ~11' .:;oad ellOVif J ? 
ie tt.I'~ tA'e ~t;eq,/ ~/td1o" zb sftt& ~ :2. 

proces.r/'17 tfu'es cft3) 

tJe. liave. ~ .source.s /Jr 11JAlbltlhJ fr(ijU.r 
/,)Front-E,.J Bu~ 

/lardv.;a.re tir/11ui fl not- Aavl"!J a Ike. 
M'u 1n tAt ~/Jr~ 

~J L:l 01SQ.alt... 
Soft~11,r~ drill~/\ 69 tA~ J'~1::tor Wnen 
tA~ 1s no ~.e_ tevel :I.. /Jode.~ 

489 



... 

Oeodtime for Mu1-1576 Hz, Mu2•597 Hz, Mu3-4 Hz, 50 MicroVAXs - -~ 50 ~ 60 ...... ...... 
~ 4U 
Ill 75 ::i 

ID 40 0 50 rn w C5 L.. 
('II 40 -30 -' 

30 
20 

20 

10 10 -
0 0 

0 200 400 0 200 400 
Input Rote {Hz) Input Rote {Hz) 

--~ 70 ...... 
4U 
E 60 :::: 
~ 
0 50 4U c -0 40 -0 
I-

30 

20 -10 

0 
0 200 400 

Input Rote {Hz) 

-

-
490 -



Oeodtime for Mu1 =1576 Hz, Mu2=597 Hz, Mu3•6 Hz, 50 MicroVAXs - -~ 14 ~ 6 ........ ........ 
>- IU 
Ill 12 :c ::> m 0 5 Ill 

L&J 
10 0 i-

N 4 ...J 

6 
3 

6 

4 2 

2 1· 

0 0 0 0 200 400 200 400 
Input Rote {Hz) Input Rote {Hz) 

.......... 
~ ........ 17.5 
IU 
E 15 ':,j 

i::> 
0 
~12.5 

15 10 -0 
I-

7.5 

5 

2.5 

0 
0 200 400 

·- Input Rote {Hz) 

491 



-

-
• 

-Oeadtime for Mu 1•1576 Hz, Mu2=597 Hz, Mu.3= 12 Hz, 50 MicroVAXs 
~ 12 - 12 ~ ........ ->-en 10 ;:) 

CD 
..... ..... 8 

., 
E 10 
~ 
"O 
0 ., a c -

15 
6 0 6 t-

4 4 -
2 2 

0 0 200 400 
0 

0 200. 400 
Input Rote (Hz) Input Rate (Hz) -

-
... _ 

-

-

492 -



·-

-

.-

&tJclu.s1()'l.f 

(J) i!f ode/;nJ results ~ 1MVJin9/e.£r /f !/"" do,, 't 
tt/Jlr:rttuVi IA>lvi.t It ,;r 1IJa.J' II""'- art! ~ ... ~ 
tt:J J'1'//J1A./ate 

@ /Ae, RC.SQ.. 111ot:/e,/ provideJ UJ AJ1'tla a.. 9.ood 
Pl'Jfier.rf/u,d1?19 of' tie ~ ~(;/ if t~h\ 
lh:JM ta. (jlo~ I fJO/nl ol' ill'~IV. 

493 



--

L- EVE'- /, S /I/ OD 6'-I Al G. 

/1- ;r ~ )l/V s 0 "1 .I :r. 11 A tJ,., 'A) fr' .J ~ • A tJf--S-f A 0 T. 
;= 6 P..fVIA t. A J!> 

/A/I tl~L 

( O#E C/l.13S1JJ(r ..J 3 ·5µ.S) llAMW/i!G~ TR.l?tr6"1t(tGv11.I., 

fiNO A J111c~o/'ROCf5JSO./( fAJ(M {"l,GllG'- II) 

~7 85cA/fll.E 1Jsv1ou.s THAT SOM(; Ltl/6t.. or-
HARowA1:..G TR.11-C:.&"rt JN/TH A 71MG SCAt.-t; 

A r€'w OR.,0&&1.Nt;..,S C /()- '30,,,.,,.s) lv0~'-0 l/+f~~ovE.-

TAlt: De- /lf'C }"0 .( . 

fl GU-Ee. rl ON . ,__ I 0 

/IV6Rl9C-li T'~E ~ / () ,M J. 

495 



n Token Ring Serial Bus -

D~~ Front end Front end Front end 
crate 1 • • • crate 9 crate 10 

#. l•JHA • 
J' ~ ' ' h 

,, 'f3J 1 Bui-Ha.c , I , I 

1---i Sequence~" VBD , ..••..•.........•.......•••.. VBD . . . . . . . . .. . . ·I VBD I· .. 
.. . . . .. .. . . . .. . .......••••...................•.••.•..•..••• •..................••..•... .....••... 

Repeater 

One of 8 Data Cables 

Repeater I 

~ I , I , ' 
Input I Input Input 

Memory I Memory Memory 

1 I , ' , ' 
Supervisor Node Node Node ._ • • • , 2 so 

~ -
Ethernet 

496 

--

C) 
c 
ii: 
c cu ..::.:. 
0 ..... 
cu 
JS ra u 
ftl 
+.J ra c 

--

-
.t -

-

-

-

-

-
-

-

-



·-

·-

pvGL ~ 
pu~P. /Y 

--

c AR. wA s H ti G-AsoL1#f 

S€p.v1cG. s11111f>N. 

f 

I 
I 

J./O t,EvGt.. 1.5 Co RR. ~s PONDS 

To f't:oP'-t= wA~IV1#fi- b,,.R 
A Nl'J JV 07 8 t/ 'YI ./J t;.. G- S 

/,EI/EL 1 • .s fl eJ'c c. "T 
coftR.SSPONDS 7D PGo ~f 

Bt/ YIN~ r;.As Bv r .NO 

flV A ~ HI #(f. C ~ R. 

t,...!V~L / .. 5 /#CCrJP"i 

c O~/f.S ~ p 0.NO.S 7 '/) I' 6 DP(,. G 

Bu Y/NIJ- ~As a, wAoN1A1tJ. ViR..,. 

O-Ar f //.MPIN~ i IM G (.'oJt P.S ~ poNDS iO 

t-6V(;/, /,S pRoCf$~&J#C- 71ft1c. 

-
(JJJ 11 oP. CAN':l1 D,t:/T&S .FD is ./V po1r.ro/V 

c c"Po/"6'4/.,..,AL ,-~ocr1•s1.NG- r1~6). 

NI> T4" r~~ T OA~.s l">IA t/ t. p~.PP6~6N7' ,f'/z G 

f/1/Vk..S 40~ r-v~LJ,Vtr 'r//"'16 .IS .19'-.SO N eX/> w6N/1Al. 

So 7f;6 ,,,/V~t., r;-. Y /S v E R..Y CL o J' G., 

497 



J'/O rE" T/'i.A 7 J= O.R Tll~ C4 S& WNeR.~ ~ t, i.. 
.. 

e v ~/VT.S ~- TO '-- ~ v & '- / • .) ( At..1... CAR. s 8v)I 

Fv e") J/IA., wt H..!iv6 "o ~ r ,oovs L.€ 8uPF~R..1AJ 6- ',. 

ON TNG PR.oNT 6#YJ, 

ScR..J r;.s. 

- • JV/ f.I ST I( 5cP LeveL /.; /Jrtf't E s .!'l~LL c---

1'111 Cll LE .S.S ··/NAN /j,4iC/<. f'l.A~6 TRA/f/Jf-' R.. 

T1'1~. 

498 

.. 

-

-

-

-

-

-

-



) ) 

t. GIJ6L. /. 5 IJPJJ J TJDN 

B (JS 'I 
j1{AN.S 

Test if busy 

AIO (JUPT-6~ 

~~~ 6 ON 

Al')' c~llT( · 

.si.. 
U> 
U> 

Lost events 
- deadtlme 

Key 

6, Get a token 

'\J Release a token 

Test If Pass 

/ 
ClllCC/LArf: 

R Gv~.,, f R,113 

Data In a crate -
Gaussian distribution 

• 

FAOC Buffering 

FAOC Backplane 

t 
1 O VTX Crates 

i 

Trigger Type Buffering 

0--0 Queue plus server 

VBD Buffering 

Events to tape 

RESQ Model For The Simulation Of The VTX Readout 

L2 filter software -
Exponential service time 
+ a fixed unpack time 
+ a Q-bus delay 



, 

• -
I 

x 
I , 

0GAD TIME t-EVEf,.. /.5 
fAc.rOA Or '2 (lEvEcrlO.A/ 

1op s jft161l.Ao-' fR.oC&E&l/llfi-
r1.l"f.t; 

s .A Jtll6 I'\ .3 ~ E. r.> 13 (/ 7 

_MV/.-.t'lftleV IJY ~ 

;-o S!iD~ ,llC-P-fSG.l"'tENT 

1/1/ I 7 11 II NA /,. y TI C C A e, c VI- A Tl pAJ 

500 

• .. 

• 

• 

-

-
-

-
-

-

-



- -~ 14 ~ 6 ...... ->. ., 
in 12 2i :J 

CD 0 5 .,, 
LL.I 10 a ..... 

N 4 _, 
8 

6 
3 

4 2 

2 1 

0 0 0 200 400 0 200 400 
Input Rote {Hz) Input Rote {Hz) 

-~ ...... 17.5 ., 
.§ 15 -"O 
0 
~12.5 

0 10 -0 .... 
7.5 

5 

2.5 

0 0 200 400 
Input Rote {Hz) 

501 



11 (NO f.5) 
j Jiii I C/t..0 VJ\ 6 CASE HAS 30 6 f cJA 7k>/'I ~- · . 

.JOLll60 ON A /'1~CINTD&~ .,,.lf..~AD SH6(T .. 
. s r Ar<..Y..G: / Po Po t...ATfo) 

$ o I' vA-1. ., llor6 ~ "'s tJ,u1 ~ F ~ <. '-$"-~o ~ t1N.s ~, 

SJJ1 Pl-& IP6R..A11.ve SOL l/ ~R.. 
{ ,., f 10 f '1,.,S) 

rsw HVNJ:JA6¥J Ll.#G.J rJJ:. PA.Jc.At,. 

/\! 'J_./'4lNVtG;S 70 SOl.~E OP ~ACINTO.Sfl JJ. 
( I .S ~ T 0 i If A &. Cl 6 S) 

/ /'11Cfe_o VA>< CAS6 IN/TN t,6"vfi1... /,S ll;tJ.S 

3~ ~fl.u,..r11~s .. 

I l11CR-OV.A~ CA,S5 W~TN S0/'16 L$1/~l /.5 ~NO 
J'O.M/S #0 l(;VeL / • .G #-4s ..f"/ €Ol/Ar/oN1 

.-v 1'A~TOA.. OJ:. ;.. /t"ld~t Co-M~Lf~. 

502 

.. -
,. -

-

-

-

-
-

• 



.-. 

... 

,. • 

/111~6 v•I\ 

1. DArJC\ 1~ 7R.14~sr-&fl..'YJ /P PA1<A/,.lGL 
To i)'9 114 ()A IL 6 I u PP-& ta....S 

2. 0AT4 /J Tfl./:,N~r&ll~tJ ,fCR,l>oS b~7..A 

eAa"-G IN OR.O 'It Tli~ T I 7 8 6CO~E .s 
AVA/LA6 ~6 :::> TR.19/VJ'r-SR. ~&Altl-Y CoNT'/Jtn~..& 

I 

C/l.A1E 
BllCk fLAJl'e 

TR.1tttv.sF-~tt 
TIM&. 

tJV(°NT 
PA 7/il. 

CA 8'-€ 
Tl~c. 

I .s .~ f' r, r r. ~ ,.- ..; 

A ::7fr/~. 0 1,/ -,., ~-~-' ~ ,. .. -: :. 
~ .... 503 



1 f!AIRL'I SAi 1 TO D~Vf'-IJ p 
;t1 0 ,, t!" s 

• €A&Y TO ADD SMA'-'-
f€A1'1AI:$ 

A>IALt11• .. 
f'LtJ S 

o~e~ l!ONl'T1'AIJ11t0 Jol.UTI•~ 
• &o o~FP'' et.11-"r 7" er 5 T A 

c tJN3'J3 'i~NT }'ET JAlc,oatc.sc.T 

/O/,CI TJON. 

• 17~ 71 ~ r I CAl... 6 Jt R,11-.s 
AA e wo~c. 06 ~IP'" 

, ~7 0 c.~",, .ttNc 1 or 
t4 "'- J )"A )" 6 .S 

$1ANIOA!f.l:J A~C.~ B•A ,,, . ~ 
~ANY PEOJ"e,f cfl 

CNt:GJ:. 

.. 

• 

• 

"J#~.S 

&AS')I TO /"'1-'1~~ E~lto~ 

"10 T 14-~.rv T~ vN /iJ~~ ~ rA~D 
S't-'Jr1•r1c;111.. eR~oR.S .. 

FAIR.l,y J,..(J~(i- CO.MPC/r.ArJIJA'AL 
It UN J o,v A~ I0.19;1 l... 

... 
l'f l~VS 

• ,,t11Dt1,. ~Oli>6L..t P66D CAJ:.~FfJL. 

SI~ ~'-lF-,C1tr11~ $&;;oR..~ TiiEY _ 
CAAi B' ~0"1C~lllO 

SOME .r>'Str£;wt$ CAN.1'01' i!>E 
.r o~ v& o ( /,.fJOP$ ~! fOSS/ .s~J 

/t e QUI Jt. O' CON61.0 6.ll.Aft)L" 

,-'JNALY Tl e S kl/, l,,J { E~ P~A l') 

CAN~OT 

-

-

·s~N.r, 71 v ~ r y Ti) /)&Ab 
'7/M& {OR.. 0 rH'"-
fA~~MFTFAS) IJ EA.Sil-)' 

• ~'9 R.&:-5 s >' .s J-6rt s It G ~(Ji 1t ~ 

A VA I t,AIS t,' 7¥Rt:> o <i-fl 

CAt- c c/!- v t. /. e. TJI ~ 
.() £' [<.,' I.I A Ti Ve ... 

~ 4 C~l./f/& ().~#&AA,.,~ OJ; 
G f VA TV'D.14/S. 

504 

-

-



~. SPeGD OF V/VI E 
I• 
DO w& Ne Eb a o /t'IB/,s? ,, 

04111 
/101),;1-~o o~& c.JC/'f'le " TJIG,v ONEA CAJSLG. 

OeVGAJrl6 b ~/VAJ. Y rl e /t1 o J:J Et, 'To cJ./ t; CI<. !?,~S ~ /41 OD cl 

IN 1990 tT. IAJI C-~T fl'& AN /) € v = '- 0 JO e 0 A .s ~ R,1 ~s (,) F-

r ~& T (>F<.o~R,~~s /ti Cfi£8')( J)ATA AC~VISJr/ON 

J'Ys7ENL F-R-oM J;/<DN"t- ENJO 70 Lev£L II. 

/Y}OOEL. 

l'l91 BR.ot.Jti-N7 /'10DGl. ~'" 10 l./;qrl' w1r1-1 As-
pu1i,,r HA/f.¥JWA.R.. & • c>' 7£,.,0EJ:J A#At.YTIC"'1l.. ~fJOcl 

ro 6.1VTJ.ll£ DAT-" CA.8/,€ 5-'I l'JAIV #JbAliJl~ 

g_ £ [' \;/ /'1(' r, F?. Ii: P' ,_/ ~J.· # C-. AP~-~/ Tl C /1 ~D t; L 

-{,·/-,,.:,-, 7" ~ ,~ .D CYll.h.,, IS~ r Jo/ (J T y !:T .SO!.. V ~ R ~-- .J'IPl'l 
Jl)0f</1'H 

ANvtc1 rfi Tt t,Dr./s 01-= us-e P·O.J( DP' vF-C-i:.11oc. 

505 



-

STRATEGI fS OPTJ tv'\\C\\JG 

DATA LOrFD /tJ THE 
D4t:ERD TR' GGtRS 

M.Fo({TN~ 

fJo~Elt..JJ 1LtoJ01s UN1Ve1t-~1TY 

2'1 - /Wt.IL - /'i,2 

~ o((. J WHR-1' t>o you ?>o Wm4 ALL. 7ff(; 

f>•M" LAfU,.J I) U;-P<J T ? 

507 



Lo G 1 c.AL- .s1ttucruQ.E 
OF Tl\E' "D¢ T~\uG'R. 

LE'IEL..1 . . - Lt'1£Li 

1.E-tEL L L..EVEL2 1.£VEL2 · • • LEVEL2. 

lEVE~ 1 IS TH~ HAR.1>W~E Tlt.16GC& /ltlU,UbtftJG 

&o"f'lif SV~CMR.~uJHS ANt) As'i)l(H&o~~s TEl.t4.S • 

J....E '1&-L 2 tS nfE SoFT'fAJA-ll.E 7llt6GE/t.. llJ A 

F~ or: ~ft.DC.ESSoU • 

508 

. -

-
-

-

-

-

-

-

-

-

-



Cou 5fRJt JtJT'!> OtJ 1li f: 

01/ ~C6GER.. 

FR•~ TR 1~5A. S•e'(Vl..A-Tlo,J - ~ F'tlt) ?. Fo& S0'4E 

ti 11-lt°'\&1 A~ LI~ rTJt TlfJtJ .. 3% ""1TH "AAIC> '' OftJL"/ 

;:«..otiA M O~Tf CAI.LO WITH 8Ac.~&ttoU#b f\lt"'"'5 

i~2 BAt.:~•bTH 'fbM ~A& Slft.t" LAT1o.J - 2.oo M'I 
'-:t fJ F ~r4•ft?..S 

SoPrtaJ• II E LIMl'rATio~ r'2.t F•LTll.. SatrfrS 
U.OS $ SEGTIOIJ P••flA M6~T'f c..ft«,U W 1rH 8A<J'~N0 £v~/Jl'S 

-~-a.> TitP E lAl'O"'IDl'Jf 
~"OM t>~ SIMcJLA-notJ 2 ti-a 

509 



Tlif VER..11CA~ Plo~Le~ 

€,YJ\t'\~LES 1 : LEI/EL 1 .._. L.€\/£1- 42-

XfJC.LOStVe J9E-I PNVSlCS 
-a ,,. ,., / ~ .3 e.,... 
t> I .t&'r' /.AAS5 
OA 6 St•E a°' ;~ptti:J 

C..o,Jrtt,ot-S A I L&V&t.. 1 : 

-:rer Tl>UJS-tt. E,JEA."'1' 71f Res ..f.IOC,D 

S&r Tbwffl M\)tnPLtCftY 

~C,6&« ~Cl& SCAL.S 

VEitre~ GoAJS~A1rJr (A $MA1er ~lteSCAU) 

Co~L.S A-r tJ:tJe 1- -z : 
\rE-r E ~~'/ 7H R. ff H OL/) 

-=t&T C.L.llSrE~JJ.JG-

.S•l.o-rlON 'R.~~'~e~ M.'1 LT ••u 8tAl'S 

eA-t.M ~rnM' ~ eo n> G-•"e Hc6f< 
~Ff1c.1eJG't' bG-fWE~ l.t"\J&-l.. 1 A-"'t> LE'IEI- 2. . 

510 

. -

' -

-
-

-
... 

.-

-

-



) ) 

SIDE VIEW CALOR 21-APR-1992 23:43 I Run 

Max E= ~5005.0 NJC counts 

c.n _... _... 

G 
r···H~m~;--;;~-;;::: ... :··· ... 1 I • L2 F 1. l. t Nam• • I 
loo_GATED_RANDOM l1oo_GATED_RANDOM . ~ , 

Mi~l/J F(l.>J& BACIC:.G KOL>ND 

38603 Event 316221-APR-1992 23:36 
[BEAM X-ING No.: 11365207413] 

-
• 

I 30.<E< 40. 

I 40.<E< 50. 

I 50.<E< 60. 

Ou r I I 
01 I rp 
I I I 

I I 



0 

...J -0 -N 
J: --I> 

0 
0:: 

0 

...J -0 -N 
:I: --

_, 
10 

l 1 SIM Jet Tower Rate vs. Thrc::st1old 
QCD background events 

0 Single Jet Tower Rate 
OTwo Jet Tower Rote 
Di. Three Jet Tower Role 
O Four Jet Tower Role 

-5 I IO L-l__....._.__~1~0_.___,___.__.__.2~0_.__.__.__.._J~0:--'---------4~0_.._..__.__.--:50 

P, Threshold (GeV) 

VMS FILTER Jet Rate vs. Threshold 
aco background events 

\ "2... 3 
10 4 '1.5 ·'iS 45-Cfo O Single Jel Role ~ - f2.5' 

:t: Two Jet Rate 
tr Three Jel Rote 
<> four Jet Rate 

10 2 

10 

-1 
10 

-2 
10 

-l 
!! 10 
0 

0:: 
-4 

10 

-5 
10 

-6 
10 

20 40 60 80 100 P, Threshold (GeV) 

512 

.. 

.. 

... 

... 

-

-
" / 1..5 ... 

-

-
.... 

-



TME: vea,r/ ~/t'L P ltoltLE:~ 
e><AM~LE '2: L£VE'c.1....., L£\IEC.. I·~~ LeWL-Z 

CoA.rr2at..S Ar LE\/6L 1 : 
IJ.&Jo,J RAP• o rrY c..ur 

<!.~ AT (.$\F6-f-. t~ 5 
Muo,J M.ol'f6~TVM cur ( CA11t.s6} 

Co~m.oc.s Al L6\/ ff- ~ 

Aili<> ,J M.OM61J711M. ~ 

w 1Tf.( AIU.. MvoJJ c.ovEl'A&r: 8f\lK6Ro-.>J o rs 
Do~,,v~ 8'/ 7l/K. DEu4-Y.S· ,fpt;) a64M SCAAf<IJG- "" 5- '30 l<ll<, _ 

1N c.e-.v1'AM- Rettto~ 3A<J(Geo&JAJD , s Po"""" A-no 
~'/ CO~t C. ~ "' Z.001-f:i @ LEtJ€L i, • 

Sot..1Jt/1oJJ fG~urlG-5 ff~b UJTS Ar LEVEL. ~ 
Atib ~&L l·S TO ~b\J(.& AATE 3E-t>c.I 
3A~•w r o nf t...01> f NtM ,J TS . 

513 



01 _., 
~ 

f 

DO Side View 3-APR-1992 02: 54 I Run 36471 Event 

~}. !] v E. ···· 7 2 'J ') :'!!':"' ,.. .... . C-. ' ..... ADC counts [BEAM X-ING No.: 

c::::::---- -::::i 

'--~~~~~~' Q ~ I 
-·-

' ~ ,... I /fij\ .~. ~ 

C 0SM1C.. R.~'{ °BftC.~Gf<DUfJD 

12 3-AP R- 1 9 9 2 0 2 : 1 0 
01924672757] 

I 30.0<E< 40.0 

fl 40.0<flR 50.0 

150. 

160. 
110. 

60.0 

70.0 

' 1 : : : [f~"-~][]] ii i 1'1--r-~ 
[IlF .................... :. .. 1lIIl 

. - ~B.______, 
- _____ : r------______ 11 

x .... 

C::---- I r-------1 -

c:=-- -::::::::::i 

( • • • t c • c « ' 



) 

CTI ..... 
CTI 

) ) 

Cos ,vi 1 c. e.fr1i 'B~c~ G ~v "'D 

DO End View 3-APR-1992 02:57 I Run 36471 Event 12 3-APR-1992 02: 10 
[BEAM X-ING No.: Hr]" E' :::: ~74 4 ADC' crJ··ur1l·t~ 

'"''" '' "..,If " • ,......., J . . .• ..,, 

01924672757] 
· ', .. (.. E··1· 4,., .. , ,.. ~ 0 ,., '· · r/::Y.) :::: vti.ij ?. 'I,,,; COlHltS 
i::·TA1 ut._.;._·,.7-~.1A~· ·n·, IEM 
t...• ~:y:,J'c . ._,, IV .. , o , n ft 

EJ 3 ...... ~J1<1No; 

I I I HHUJ 

r::== I .===::J 

l)ICD+MG 

IHAD 

IMISSET 



THE J.l&ft.115>...tm-L f>b~LE.M 

EXA-"'PLE "'3 ~ s PL 1TT1JJ" aAtJb~.nt>T'H 
~OM t'vE L.. .1 7b L..e"e L 2.. 

PM'I~&~ 6~PS ~ ~C..t> 
l).U<.T'i 

• Nf:.J'/ $CJ~ y 
IAJ/9-
n# 
B•TT'l>M 

G'A~H l-IAUE l)~lQvE' SE-TS &F 'IflJ'~ 
~>' Q c.&'OVL.J> L..I~~ AU- 11-f6' tu-T& po$5t BLC'. 

vs !' ff'l}l,.. C/) /JfltAf...S : 

a ,.,, '5*'11«.11J ~ - M"~ 11,," rf4Ys 1cs 'l=R.•/JI 
&JJ ~ TUltSHol..J> 

MJt 77 &(.EM a ,t1r 11tl&6&«. S 
- S1/J6Lf ec..€AAfPT 71'.l,6~ 

tJstJAl.'-'I no LOOS4 Iii«.. 
~-" lf>T'H UJ,J JnC,AciJf'S 

71fi Fl/LC... us r oF ~~ 'fS<CS Is 1'llO t..Allt.~6' 

~~ rJ(E- #-<&6&/l. &ttoue iO tC;U'bLE AL.<.. 

ScMvUTtd/J. ree)aAUC- ANi> tr6AAT10JJ ARE 
·~ur~·~ ~ErwEEfJ PHYS<GS AtJAL.Ys1s A-b 

(Jt.C66~ (MPt~J"ftJ 11f-170/J. 

516 

-

... 

-
-

-

-
. -

-

-



The Level 1 & 2 Trigger Menu (version 4.1) 
1/25/92 

~he first list is the tentative level 1 (and associated level 1.5) trigger list 
:or DO. Triggers are numbered from 0 to 31. Triggers using level 1.5 are 
_ndicated with a second line to distinguish level 1 dead time. A luminosity 
)f up to 1 x 10~31 and a maximum rate of 200 Hz to level 2 form constraints 

-:o the settings. 

~he second list indicates the level 2 filters associated with the level 1 
:riggers. There are 128 possible level 2 triggers each associated with 
)ne level 1 trigger. The luminosity of 1 x 10~31 was also used here, along 
vith a maximum rate of 2 Hz to the tape streams and 0.2 Hz to the express line. 

cor Level 1: 
3C(e) Total scalar transverse energy in calorimeter greater thane GeV. 
1S(e) Missing transverse energy in calorimeter greater then e GeV. 
JT(n,e) nor more hadronic plus EM trigger towers with Et greater than 

e GeV; the reference sets used are 3,5,9,20 GeV. 
~~M(n,e/h): n or more electromagnetic towers greater then e GeV, with an 

1U (n, g) 
.. o (g) 

hadronic veto at h; the reference sets used are 2,6,12 GeV 
with no hadronic veto. 
n or more muons confined to a section eta<g (eta<l, eta<2, eta<3) . 
Level 0 interaction measure, g=O for possible interaction, 
g•l for single good interaction, g•2 for one or more interactions 

·-cor Level 1. 5: 
1X(n,g,e): n or more muons with pt greater than e GeV in a section eta<g; 

reference sets used are 3,5,7 GeV/c, where 3 is a preset base value 

~or Level 2: 
.. 2sc (e) 

.. 2MS (e) 

:..2JT (n, e) 

._..2EM (n, e/c) 

.. 2MU (n, g, e) : -

-

(and assumed rejections with no raising of threshold) 
Total scalar transverse energy in calorimeter greater than e 

rej guessed at 2?????? 
Missing transverse energy in calorimeter greater then e GeV . 

rejection guessed at 10 (worse for higher threshold) 
nor more jets (usually in a .7 X .7 square) with Et greater 

e GeV rejection 10 if 11 chosen for 100% effic of offline 
threshold mentioned, and 12 chosen also for 100% 

GeV. 

than 

n or more electromagnetic clusters greater than e GeV, passing 
shape cuts c and track requirements c : 
c • ELE electron long and transverse shape cuts, require track 

GAM shape cuts tuned for photons, no track requirement 
GIS GAM + isolation in some cone 
ESC no shape cuts or track requirement 

rejection 40 for ELE 
rejection 10 for GAM (a GUESS????????) 
rejection 50 for GIS " 
rejection 1 for ESC a little pessimistic 

n or more muons confined to a section eta<g (eta<l, eta<2, 
eta<3), with pt greater thane GeV 

rejection 20 (a GUESS?????, pessimistic 
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.... 1 Cross Pre- Physics 
3it Name Terms Section scale Rate Interest .. 

(ub) (Hz) 
0 min bias LO (0) 5.0E+4 (3E+7) 0.01 min bias 
1 scalar et SC (150) 8.0E-2 0.8 zoo 
2 
3 

missing_ et MS(23) 1.4E+O 14.0 gluino 

4 
5 jet low JT (1, 3) & LO (1) 1.6E+3 (2E+4) 0.4 QCO .. 
6 jet-medium JT (1, 7) & LO (1) 8.0E+l ( 1E+3) 0.4 QCO 
7 jet-high JT(l,14) & LO (1) 4.0E+O (5E+l) 0.4 QCO 
8 jet-max JT(l,25) 2.0E-1 2.0 QCO 
9 jet-calib JT(l,7) & SC (100) 8.0E-1 (2E+l) 0.4 Calibration _o 

~1 four_jets JT(4,7) 1.2E+O 12.0 t -> jets .. 
_2 
_3 
-4 em low EM (1, 2) 2.0E+3 (4E+4) 0.5 gam 
LS em-medium EM (1, 6) 8.0E+l (4E+2) 2.0 e,gam 
_6 em high EM(l,12) 4.0E+O 40.0 W,t -> e; gam 
~7 two em low EM (2, 2) 2.0E+2 (2E+3) 1.0 psi, gam 

two em med .. 
~8 EM (2, 6) 3.8E+O 38.0 Z, ups, gam 
'-9 
20 
21 mu two em MU (1, 3) & EM (2, 2) l.OE+O 10.0 b -> mu psi 
22 mu-low- MU(l,3) & LO(l) 5.0E+3 (2E+2) 

MX(l,3,3) 5.0E+l (2E+2) 1.0 b -> mu 
~3 two mu low - - MU(2,3) 5.0E+2 -MX (1, 3, 3) l.OE+O 10.0 b,Z,t -> mu mu 
~4 mu and em MU(l,3) & EM(l,6) <8.0E+l 

MX(l,3,5) l.OE-1 1.0 t -> mu e :s mu_and jets MU(l,3) & JT(2,7) <l.OE+O 10.0 t -> mu jet 
~6 mu_high_cent MU (1, 2) 2.0E+2 

MX(l,2,7) l.OE+O 10.0 w,z,t -> mu -:7 two mu cent MU(2,2) 2.0E+O 20.0 Z,t -> mu mu 
:0 mu cent MU(l,2) 2.0E+2 (4E+3) 0.5 Calibration 
29 
30 
31 none Level 1 Monito -Total 184.5 

-

-

-

518 -



~1 L2 
)it bit 

0 0 
1 

1 10 
-.. 2 11 

3 
4 
5 
6 
7 
8 
9 

,_ .7 

.9 
-- ~o 

101 

20 
21 
22 
23 
24 

60 

30 
33 
31 
34 
37 
51 
32 
35 
38 
52 

111 
40 
80 
43 
81 

112 

~1 121 

~2 90 
~3 122 

123 

--~4 113 

~5 61 

~6 60 
114 

-~7 62 
115 

~8 91 
~9 
30 
31 none 

name 

min bias 
good lvlO 
scalar et 
missing et 
miss et-x 

jet low 
jet-medium 
jet-high 
jet-max 
jet_calib 

top_jets 

em low esc 
gain low 
em med esc 
gain meaium 
gam-med iso 
ele-medium 
em high esc 
gain high 
gam-high iso 
ele-high-
ele-high x 
two-em esc 
two-ele low 
two-gam-med 
two-ele-med 
two-ele-x 

mu_psi_e 

L2 terms 

none 
L2LO 
L2SC(300) 
L2MS (30) 
L2MS (50) 

L2JT (1, 15) 
L2JT (1, 30) 
L2JT ( 1, 50) 
L2JT (1, 110) 
L2JT (1, 7) 

&L2SC (100) 

L2JT (4, 20) 

L2EM(l, 6,ESC) 
L2EM (1, 3, GAM) 
L2EM ( 1, 20, ESC) 
L2EM (1, 10, GAM) 
L2EM(l, 6,GIS) 
L2EM (1, 8, ELE) 
L2EM ( 1, 5 0, ESC) 
L2EM (1, 40, GAM) 
L2EM(l,25,GIS) 
L2EM(l,20,ELE) 
L2EM(l,35,ELE) 
L2EM (2, 6, ESC) 
L2EM(2,2,ELE) 
L2EM (2, 8, GAM) 
L2EM(2,8,ELE) 
L2EM(2,10,ELE) 

L2EM(2,2,ELE) 
&L2MU (1, 3, 0) 

mu low L2MU(l,3,3) 
mu_psi_mu L2MU(3,3,0) 
two mu low x L2MU(2,3,0) 

- &L2MU(l,3,3) 
top_mu_e_x L2EM(l,6,ELE) 

&L2MU(l,3,5) 
top_to_mu_j L2MU(l,3,0) 

mu_high 
mu high x 
two mu cen 
two-mu-cen x 
mu central-

&L2JT(2,25) 
L2MU(l,2,7) 
L2MU ( 1, 3 , 1 0 ) 
L2MU ( 2 , 2 , 0 ) 
L2MU(2,2,5) 
L2MU ( 1, 2 , 0 ) 

Total 
Express 

Cross 
Section 
(ub) 
5.0E+4 

6.0E-3 
l.OE-2 
1. OE-3 

l.6E+2 
8.0E+O 
6.0E-1 
8.0E-3 

l.OE+O 

2.0E-2 

8.0E+l 
4.0E+l 
8.0E-2 
6.0E-1 
8.0E-1 
2.0E+O 
6.0E-3 
2.0E-3 
8.0E-3 
4.0E-2 
4.0E-3 
3.8E+O 
2.0E+O 
5.0E-3 
8.0E-3 
2.0E-3 

6.0E-4 
2.5E+O 
1. OE-3 

3.0E-3 

1. OE-4 

l.OE-2 
6.0E-3 
2.0E-3 
5.0E-3 
2.0E-3 
2.0E+l 
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Ll Pre-
scale 

(3E+7) 

(2E+4) 
( 1E+3) 
(5E+l) 

(2E+l) 

(4E+4) 
(4E+4) 
(4E+2) 
(4E+2) 
(4E+2) 
(4E+2) 

(2E+3) 
(2E+3) 

(2E+2) 

(4E+3) 

L2 
Rate 
(Hz) 
0.01 

Physics 
Interest 
(efficiency) 

min bias 

0.06 zoo 
0.10 gluino 
O.OlOX susy 

0.04 
0.04 
0.06 
0.08 

0.05 

0.20 

0.02 
0.01 
0.02 
0.02 
0.02 
0.05 
0.06 
0.02 
0.08 
0.40 
0.040X 
0.02 
0.01 
0.05 
0.08 
0.020X 

QCD 
QCD 
QCD 
QCD 

Calibration 

t -> jets 

em background 
gamma 
em background 
gamma 
gamma 
electron 
em background 
gamma 
gamma 
electron 
w,t -> e 
2 gammas 
psi, ups 
2 gammas 
ups,susy 
z --> ee 

0.006X b ->mu psi 
0.05 b ->mu 
O.OlOX b ->mu psi 

0.030X b,Z,t ->mu mu 

O.OOlX t -> e mu 

0.10 
0.06 
0.020X 
0.05 
0.020X 
0.05 

2.03 
0.177X 

t -> mu jet 
w,z,t ->mu 
w,z,t ->mu 
z,t -> mu mu 
z,t -> mu mu 
Mu Calibration 

Level 1 Monito 
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~DB DETECTO}t 

READOUT 
SECTION • • • 

1 

,., 

,., 'w 

• 

READOUT 
SECTION 

7 

• 
• 
• 

LEVEL-I 
TRIGGER 

•II 

L2 node#l L2 node#2 ••• L2node#S~ 

,, 

I 

VMS HOST 
Machine 

+ 
l 

I 

Ethernet 
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Sequencer 
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A Fast Method for Calculating D-Zero 

Level 1 Jet Trigger Properties 

Andrew Milder 
Geoffrey Forden 

University of Arizona 

Overview: By combining single-jet efficiencies into an 
overall event efficiency using a partonic Monte Carlo we can 
try to answer some questions about the trigger : 

- What is the rate for a specific trigger? 

- What is the efficiency versus eta, Pt 

- Are there any systematic geometrical biases? 
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D-Zero Level 1 Jet Trigger .. 

- Hardware trigger 

( I J 
- 4 adjacent calorimeter tower;_ 

- Trigger tower Et compared to threshold 

are summed together 
- Calorimeter tower = sum of 

all cells with same eta, phi 

Calorimeter towers are actually 
"psued:>-pirojective" : 

'"' ~~t'-f. + ,. " 
"~" +~ )C' 

c -.lor ••~ .+ t ./' 

- A trigger is defined by specifying the number of towers you require 
to be above a given threshold 

Examples: 

JT( 1,5) - require at least one tower with 5 Ge V Et 
JT(3,10) - require at least three towers with 10 GeV Et each 
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Combining Single-Jet Efficiencies 
Generate di-jet events using the partonic Monte Carlo Papageno which 
gives the eta and Pt of each parton 
Simplest case: 1 trigger tower 

1 - € 1 = Probability 
that jet # 1 did not 
cause a trigger 

€ 1 - (1 - e1)(l - e2) 

= overall event efficiency 

544 

Use eta, Pt given by Papageno 
to interpolate an efficiency 
from the table 
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Rates and Efficiencies for Two-Jet Events 

Efficiencies are obtained by dividing: 
CT passed 

... 
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Rate versus Single Tower Threshold 
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Results from Single-Jet Events 

- Generated single-jet events using Pythia 

- Events run through Geant with D-Zero geometry 

~ 

~ e. t a+ 5 pe c. ; f i Q J ?t, P -r 
rA,,,Jo., t,e (4ssu'"c. atl# .. .,+~ .. J Sy#f•c.+ry) 

l---
- Use level 1 trigger simulator to get efficiencies versus eta, Pt 

for given trigger 

- Put efficiencies in a table l't each eta, 
500 e'len.ts for 

I 
I 

( 

'l'hr•ahold • 5.0, 1 tower 
pt • 2. 5. us. 150. 

Sta• . 
sta• 0.25 0.00 0.60 a.so 99.80 100.00 100.00 100.00 100.00 

sta• 0.50 0.00 1.40 11.00 95. 00 99.80 100.00 100.00 100.00 100.00 

sta• O. 75 0.00 1.00 9.40 93.40 99.00 99.40 100.00 99.80 100.00 

Sta• 1.00 0.00 o. 60 7.00 11.20 97.'ao 99.40 100.00 100.00 100.00 

Sta• 1.25 o.oo 0.60 4.10 12.60 91.60 99.60 99.IO 100.00 100.00 

sta• 1.50 o.oo 0.60 a. 60 9!.00 100.00 99.80 100.00 100.00 100.00 

sta• 1.75 o.oo 1.00 9.80 97.80 99.40 100.00 100.00 100.00 100.00 

Eta• 2.00 o.oo 0.00 8.60 74.20 99.00 99.80 100.00 100.00 100.00 100.00 
, .. Eta• 2.25 o.oo 0.60 1.40 68.60 91.10 100.00 99.ao 100.00 100.00 100.00 

... ta• 2.50 0.00 o.oo 7.60 69.40 99.60 100.00 100.00 100.00 100.00 100.00 

Sta• 2.75 o.oo o.oo 6.10 70.20 97 .60 99.60 100.00 100.00 100.00 100.00 

sta• 3.00 0.00 0.00 5.10 63.60 94.00 99.80 100.00 100. 00 100.00 100.00 

..... sta• 3.25 0.00 0.20 4.40 61.10 96.IO 99.ao 100.00 100.00 100.00 100.00 

Sta• 3.50 o.oo 0.20 4.10 60.60 96.60 100.00 100.00 100.00 100.00 100.00 

Eta• 3.75 o.oo o.oo a.oo 58.80 91.20 100.00 100.00 100.00 99.80 100.00 

Eta• 4.00 o.oo 0.20 8.20 60.60 94.40 99.20 99.40 99.40 99.40 99.80 
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Summary 

By using this method and applying efficiencies from the tables to 

QCD di-jet events we are able to generate rates and efficiencies 

quickly. Systematic eta effects which have been missed in other 

studies become apparent and represent a potentially important 

angular correlation efficiency problem. 
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Outline 

1. Detector Simulation 

2. Trigger Algorith1ns/ Rates 

3. Features of the "data" 
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01 
01 w 

) ) 

. 
In 

60Mhz 

60Mhz 

lOOKhz 

1-lOKhz 

) 

Triggering at the SSC 

(only one of a number of possibilities) 

Level 0 

Level 1 

Level 2 

Level 3 

algorithm 
out 

60Mhz load FE buffers 

lOOKhz Et clusters, muon "roads" 

1-10 Khz Isolation, shower-tk, 1nass 

1-10 hz (to storage) Initial physics analysis 
using full event info 

We wish to generate representative samples of these events 



U1 
U1 
~ 

1. Generate event 
(lsajet, Pythia ... ) 

2. Detector simulation 
(Geant , other fast sim) 

Procedure 

include pileup (previous pulse history) 

3. Impose Trigger Algorithm 

4. Store events that pass on disk 

'L 
L 

5. Modsim reads trigger file and does it's thing ... 
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---- time 
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CTI 
CTI 
CJ) 

( 

Calorimeter Sitnulation 

1. Full Simulation too slow (few minutes per event). 

( 

2. Parametrized Showers 

deposit energy by throwing /· 
spots weighted by transverse and longitudinal shapes 
determined by CDP test data and Fluka calculations (-1 O s/ev) 
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(J1 
(J1 
CX> 

c 

Trigger Types 

Find thresholds/ algorith1ns that give rough L2 rates 

QCD jets (worst case?) 

single EM (i.e. W+ Xinteresting but rare+ Xuninteresting) 

Le LH .,. bb 

Missing Jet ET ( we wont discuss this today) 
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QCD events 

Standard "two jet" events are the primary source of 
triggers. 

We generated a sample of QCD 2-jet events with jet Et > 100 Ge V 
Such events occur at 1 OKhz. 



1- Electron Trigger Algorith1n 

Et em> 15 GeV in 2x2 cells 

(J1 Et had/ Et em < 0.2 
en 
0 

• 

Et border/Et em < 0.2 

• • •• 
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