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INTRODUCTION 
Minicomputer System designers and users can 

benefit fram a better acquaintance with debugging and 
troubleshooting techniques which use logic analyzers 
Logic analyzers are also valuable toals in software 
evaluation and code optimization. A quick way to getan 
overview of what a logic analyzer is and how itis used 
with minicomputers is 10 1ook at some common applica- 
tions and measurements. While the focus is on logic 
analyzers and minicomputers, the techniques described 
are equally applicable to similar problems in micropro- 
cessors and mainframes 
SOFTWARE DIAGNOSTIC TECHNIQUES 

Problem solving in a minicomputer system is not a 
simple task. Alypical system may consist of a computer, 
several peripherals from various manufacturers or in- 
house design. and often, at least ane intelligent peri- 
pheral buitaround one or more microprocessors. Asthe 
systems have evolved, a set of programs have been 
developed concurrently which are known, as a class, as 
software diagnostics. Software tiagnostics are used to 
froubleshaat the central processing unit (CPU) and 
devices on memory and 1/0 buses. Well-designed soft- 
ware diagnostics will usually identity a faulty module. 
but not necessarily pinpoint the cause. 

There are several major imitations to troubleshaoting 
solely with software diagnostics. To run a diagnostic 
program, the system must be operating at a minimal 
level; a hung-up bus or a dead system can't be analyzed 
with software. Diagnostics often wil not entify intermit- 
tent problerms or errors in the application software. Fora 
full set of traubleshoating tools, software diagnostics 
should be supplemented with instruments which moni- 
tor system lines, activity, and timing in real time. Tne 
complexities of troubleshoating minicompuler systems 
require the real-time, analytical capabilities of a logic 
analyzer 
LOGIC ANALYZERS 

Today's microprocessor controlled logic analyzers 
(figure 1) provide a powerful measurement set capable 
of testing complex minicomputer systems. To be useful 
  

    Figure 1. The powartul meascremen set of oday'slogic ana: 
lyzer is made possibe by microrocessor conirol. 
  

introubleshooting minicomputer systems, the logic ana- 
Iyzer must be able fo callect, store, and display informa- 
tion. perform some functional measurements, and 
interact with other measurement devices. 
DATA ACQUISITION 

Logic analyzers monitor minicomputer systems which 
are running at normal operational speeds. Two ques- 
tions arise: how is data acquired, and what data is 
acquired? 
Data Channels. A typical minicomputer has 16 or 18 
bits of address, 16 bils of data, and control lines. For 
analysis of state flow, it is necessary to have simulta- 
neous, correlated information from these inputs. Gon- 
sequently, even early models of logic analyzers 
accommodate a minimur of 16 input channels plus 2or 
more inputs from control lines or external signals, and 
more recently developed logic analyzers have 32 input 
channels with four or more auxiliary input channels. 
Trace Specification. The data collected by alogic ana- 
Iyzer and shown an the display is called a trace. This 
trace is a window ntothe stale filow of the minicomputer, 
and the process of determining where to place the win- 
dow is called trace specification. The simplest trace 
specification s a single-pattern trigger. For simple. in- 
line program flow, a particuiar state s set on the ana- 
yzer, and when that state appears for the first fime, it 
acts as a trigger for the logic analyzer memary and the 
subsequent states are stored 

Programs in minicomputer systems are rarely simple, 
and a more sophisticated trace specification is needed. 
Consider a program with many complex branching net- 
works, (figure 2). A sequential trigger, as snown in fig- 
ure 2, permits a frace 1o be made of a unique program 
path selected from several aftemative paths. Sequential 
triggering can also be used to pick up parameters 
entered early in program flow for use n subsequent sub- 
routines, and the logic analyzer displays these parame- 
tersfirst,just ahead of the trace lising of the subrauine. 
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Figure 2. A sequental frace speciication s nesded 1o race & 
specilic palh (42) in a program wih compiex network 
eranching,



A multiple-occurrence trigger |s a valuable frace 
specification for unraveling nested loops in program 
flow. For example. a program may sequentially sample 
several peripherals (major [00p),receive data rom each 
peripheral (minor loop), and then format data from each 
transmission (subminar 100p). The combination of a 
sequential trigger and a multiple-occurrence trigger 
could focus the analyzer window to view only the 
data format of the third data ransmission from peri 
pheral three. 

Two trace specifications which faciliate monitoring 
clock and control ines are the ORed trigger and the 
ANDed trigger. Ore logic analyzer (HP Model 16154 
has a glitch trigger which inilales a Irace il an 
unwanted interference of specified magnitude (glitch 
ocours an a designated signal fine. 

These trace specifications make analysis of mini 
omputer systems quicker and more effective. They 

allow the user to check only state flow that is pertinent, 
and 1o focus more quickly on software o hardware that 
may be malfunctioning. 
DATA STORAGE 

The result of trace specification s a selective trace, 
and only the states of interest are stored in he logic ana 
Iyzer. Data caplured for analysis can be restricted to @ 
particular operation, specific. activities. or a select 
range of addresses. To capture every state activity 
would require an enormous memary capacity, and 
severely tax the analyst's time by forcing him 10 study 
reams of autputto locate isolated malfunctions or incon- 
sistencies. A selective trace provides the data needed 
and omils activities that are extraneous to the situation 
DATA DISPLAY 

Once the data has been acquired and stored it must 
be displayed in a meaninglul format for analysis. Loy 
analyzers offer a variety of formats, which fall into three 
general categories: lst displays, timing diagrams, and 
system overviews 
List Display 

The most frequently usedformat is the list display (fig- 
ure 3, which is a convenient format for detailed ana 
Iyses of saftware execution. Freedom to specify the 
format varies with the logic analyzer Used, but with the 

o models used for most examples in this paper, HP 
Model 16104 and HP Model 16154, the operator can 
chaose clock slopes, logic polarity. numerical ba 
and group inputs under different labels 

g Diagrams 
Model 16154 Logic Analyzer provides an 8-channel 

timing diagram (figure 4) as a display mode. Timing dia- 
grams show the functional time relation between control 
fines, and these diagrams faciltate investigation of 
handshake and control state problems. The 16154 can 
display timing phenomena that occur prior to a trigg 
point, make single-shot multichannel measurements 
and detect and rigger on glitches. 
System Overview 

A convenient display fe 

  

  

  

    

  

  

      

  

     

    

    

    

    

  

   

    

  

lure available on Model 

      

1610A Logic Analyzer is a graph mode. A selected 
parameter, e.g.address, is plotied with magnitude on the 
Y-axis and sequence of occurrence on the X-axis (fig 
ure 5). With this form of display, an operatar can quickly 
identify iregularities and discontinuities in program flow. 

  

  

Figure 3. ol 16104 Est display shows address anct 
1P 210X 5- 
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Figure 4. A Model 16154 ting 
110l ies during a typical bus transaciia      
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FUNCTIONAL MEASUREMENTS 
Common functional measurements include elapsed 

time of program execution for two systems (he benct 
mark technique), elapsed time of execulion or two pro- 
grams on the same machine, and an event count for a 
particular routine. These and similar measurements 
provide quantitative information s 1o comparative ment 
of instruments, efficiency of software code. fikely sites of 
malfunction, etc. 
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INTERACTION WITH OTHER INSTRUMENTS 
In design, implementation, and troubleshooting, i is 

frequently convenient to use an analog measurement 
instrument, e g, an oscilloscope, in conjunction with the 
logic analyzer. Al Hewlett-Packard logic analyzers pro- 
vide some form of a trigger output based on a defined 
state or timing condiion. A common technique is to pin- 
paint a faulty piece of hardware through an analysis of 
state flow, and then use the trigger capabilies of the 
logic analyzer to trigger an oscilloscope o study wave- 
forms at that point. The trigger autput is also useful for 
gating clocks, interrupting the System activity, riggering 
“clock stapper” circuits, or halting the system at break- 
points for static debugging 

MINICOMPUTER ARCHITECTURES 
Basically, minicomputer architectures fall in two 

roups by manner of operation, asynchronous and syn- 
chranous. Asynchronous operation transmits. signals 
under control of interiocked handshake signals. In syn- 
chronous operation, sequence of transmissions is con- 
trolled by equally-spaced clock signals. 

ASYNCHRONOUS OPERATION 
Typical af asynchronous systems is a DEC PDP- 

11/04¥ (figure 6), which uses a single 56 fine UNIBUS® 
for communication between the CPU, memary, and any 
peripheral devices. Communication between devices is 
defined by the sequence of states on a set of interlocked 
UNIBUS controlines, the handshake sequences. A pro- 
tocol of handshake sequences sets the master-slave 
relationship at any given time, and specifies what type of 
information is being passed and where. Another asyn- 
chronous systemis the DEG LSI-11# While the PDP-11 
UNIBUS has separate address and data lines, the LSI- 
11 Q-BUS® mulliplexes address and data on the same 
lines. 

DEC PDP-11 Architecture 
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Figure 5. DEG POP-11 archilecture s a typical example of & 
System which opsrates asynchronausly. 

SYNCHRONOUS OPERATION 
Systems which operate synchronously use a system 

timing generator. Usually there are two buses, a higher- 
speed memory bus and an |/ 0 bus for slower peripheral 
devices. An example of a synchionaus system, the HP. 
21MX, s diagramed in figure 7. Other synchronous sys- 
tems are Data General's NOVA 3%1and Micro NOVA®€2 

= Rogsteres, Digha Equipment Corporaton 1 Registered, Daia Goneral 

systems. As with asynchranous systems, what goes 
where is delermined by the sequence of states on con- 
trol fines, but the time of transmisson is set by defined 
cycles in time 
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Figure 7. The HP 211X biock dlagram flustrafes one example 
o1 a system tnat operates synchionously. 

SETTING UP THE LOGIC ANALYZER 
The first step in viewing activity on a minicomputer 

with a logic analyzer is connecting the system to the 
analyzer. You always have the option of connecling 24 
to 36 individual leads, but this procedure i time con- 
suming and error prone. A more convenient way 0 con- 
nect the system and the analyzer is to use a dedicated 
interface. Hewlett-Packard now offers interfaces for 
some of the more popular mnicomputers 
Intertaces available now incluge: 

Model 10275A PDP-11 UNIBUS Interface 
Model 102764 LSI-11 Q-Bus Interface 
Model 102784 HP 1000 Series Interface 
Model 521264 Intel MULTIBUS#2 Interface 

Interfaces will be soon availaple for Data General's 
NOVA3(HP Model 10279A) and MicroNOVA (HP Model 
10280A). To further simplify the hookup, add Model 
10277 General Purpose Probe Interface, as ilustratedin 
figure 8. The probe interface includes interchangeable 
wire-wrap boards that allow the user o choose the 
address, data, and/or control lines to e manitored. 

It is often desirable, and sometimes necessary, 1o pre- 
  

  

Figure 8. Tha HP 10278A weh an HP 10277 Probe Interiace 
provids a metnod for sasy, fast NOOKup botween a logic ana 
Iyzer and an HP Series 1000 minicomputer 
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process signals 1o the logic analyzer. The UNIBUS, for 
example, does not have a distinct clock signal as- 
sociated with address o data lines, and operates 
asynchronously using handsnake signals. A dedicated 
interface, Model 10275A PDP-11 UNIBUS Interface, 
derives a logic analyzer clock with decoding Circuits on 
handshake signals. Some signal prepracessing is done 
directly on the interfaces. For a detailed description of 
the dedicated and general purpose intertaces, reler to 
the appendix. 

STATE FLOW ANALYSIS 
State flow measurements illustrate techniques for 

monitoring complex program execution in real time. For 
the examples that follow, the measurement system 
includes a Model 1610A Logic State Analyzer and the 
DEG POP-11/04 Minicomputer cannected with two 
interiaces, Model 10275A UNIBUS Interface and Model 
10277A Opt 001 General Purpose Probe Interface. 

  

       
      

  

ogel 1610A Formmat Speaiication selected formoni- 
né DEC PDP-11/04 sets 16 channels for adress and 

for data, all i cclal base.   

  

BASIC STATE FLOW MEASUREMENT 
The simplest measurement to make is ta collect and 

display in-line code during program execution. The ana- 
Iyzer display is called a trace ist. A fne-by-line com- 
parison of the 1610A trace list and the program 
assempler isting will reveal any ncensistencies 
between what is expected and what actually happens 

  

10. This s the Trace Speciication for making a simple 
ginning at adress 0020005, and listing 64 sequenial     

  

    

   
  

  

    

    

VED, JUT 18, 1973, 10:30 AW 

002000 010706 BEGH HOV 77,06 BREERENCE R6 TO THE pC 
002002 082706 005776 ALD #n)R6 SET THE STACY POINTFR (1776) 
002005 010705 HOY 57,85 : F £S5 O THE PC 
002010 082705 000470 20D nes 157 ADD. IN INTR. MESS. (2500) 
002014 910504 OV 75,14 EFFERENCE INTERRUPT MPSSAGE ST ADDPES: 
002006 012725 005015 MOV #n)(PS)+  MOVE LF,CR T INTRRRUBT BLOCK 
002022 012725 051320 MOV #n, (F3)+ MOVE F,B TO INTERRUPT BLOCK 
002026 012725 051505 KOV #n,(R5)+ MOVE S,P TO INTERRUPT DLOCK 
002032 012725 020123 MOV #n](PS)+  WOVE SB,S TO INTFERUPT BLOCK 
002036 012725 047101 MOV #n,(PS)+  MOVE WA TO INTFRRUPT BLOCK 
002042 012725 020131 MOV #n, (RS)+  MOVF SR,Y TO INTFRRUPT RLOCK 
002086 012725 042513 NOV &0} (RS)+  MOVE E,K TO INTEPRUPT RLOCK 
002052 012725 020131 MOV #n,(FS)+ HOVE S6,¥ TO INTERRUPT RLOCK 
002056 012725 047528 MOV #n,(FS)s  MOVF 0, TO INTERRUBT BLOCK 
002062 012725 0adas0 MOV #n;(R5)+  MOVE I,SB TO INTFPRUPT RLOCK 
002066 012725 052116 MO #1,(P5)+  MOVE T,N TO INTERRUPT BLOCK 
002072 012725 051105 OV #n,(PS)+  MOVE PLE TO INTERRUPT RLOCK 
002076 012725 032522 MOV #n[(PS)+  MOVE U TO INTRRPUPT PLOCK 
002102 012725 032120 MOV #n,(PS)+  MOVF TP 70 INTRRSUPT BLOCK 
002106 012723 046440 MOV 4n.{R3)+ HMOVE NISR TO INTPRRUBT RLOCK 
02112 012725 020105 MOV #n.{¥S)+ MOUF SB,F TO INTERRUPT BLOCK 
002116 005205 e PS ADD ONE'TO BEOCK 
002120 010103 ovER MOV Ri,P3 ST B3 = INTERRUPT MESSAGF ADDRESS 
02122 112300 HESS MOVE (R3)+,P0  MOVE DATA AYTF TO XEER PEG, 
002124 004267 002850 JSR A ODRT  ODTPUT DATA BYTE TO TERMINAL (500) 
002130 020305 cue 83,85 ALL BYTES. OUT? 
002132 001373 BNE ' MESS  NO,GET NEXT BYTE 
002138 000005 REST RESET THE UNTEUS 
002136 012737 002600 000060 HOVAn,@sA LORD INTR TRA® CELL WITH ADDRESS 
002144 012737 000380 000062 MOVAM.PAA LOAD NFXT CELL WI PRIORITY 
002152 012737 000180 177776 Movin,@sa SET PROCRSSOR PRIOPITY 
002160 012737 000100 177560  MOVEn,m#A TURN INTERRUPT ON 
002166 000001 warr WAIT FOR INTFRRDET 
002170 000267 177724 JMP A OVER  START OVER (2120) 

Figure 11. The programlstng of a sart-up routing ¢ bé compared 1 a racs Istor graph of actual program execuion on a logic analyzer. 
N 
  

 



The appropriate variables are set in the Format and 
Trace Spec figures 9 and 10] 10 

   

  

    produce a simple U ining at the beginning 
of the start-up routine of figure 11 sultant trace 
list, shown in figure 12, begins the inilial 

  

address, 2000g. and contains the next 63 states in 
prograr execution. Twenly lines of state flow are shown 
onthe analyzer ata time; the ROLL keys are usedto view 
the other states of the trace list hat are contained in the 
logic analyzer memory. A comparisan of the trace list 
and the program listing confirm that program is execut- 
ing properly 

    

    

  

GRAPH OVERVIEW 
Another mode of viewing program execution on the 

16104 logic analyzer is the graph display. Figure 13is a 
graphic display of the first 64 addresses of the startu 
foutine (figure 111, Each point anthe graph carresponds 
to one of the 64 addresses (label A). Notice that the 
graph limits have been set at 2000 and 3000, the range 

ses in this routine, which faciltates viewing 
pretation. The points corresponding to the 20 

states shown in the trace list mode are intensified onthe 
graph display 

  

  

  

  

        

Figure 12. Using he tracs specicatons. 

    
n actual practice it's not always possible to specifyin 

advance the particular 64 consecutive states thal con 
tain & subtle faultthat makes a program crash or “gointo 

A larger overview is needed. This can be 
done by viewing a sample of states, every second state, 

  

    

    

every 17t stale, or every nth state. For example, figure 
14 is a graph of every ffth state of the same program 
giving you an averview of aciivty across 320 stales (5 x 

4). The upper limit has been changed to 5100, thus 
showing the jump to an output routine at address 5000 
By changing the occurrence count on the trace specifi- 
calians you can “compress” the graph by any ratio from 
111 to 65 536:1 for a graph of program activity in 64 

ates to over four million states. 
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Figure 14. The expanded gragh shows a discontinaty as he 
prog 195 the outpu routine i address 5000 Every 5ih 

tates is shown as a point of the graph 

  

rows tatthe 
5 16 and 17 

  

MEASUREMENTS FROM GRAPH MODE 
Recall that the 20 intensified points correspond!o the 

20 states shown inthe trace list. Then, by moving the set 
of intensified points on the dispiay to center around the 
apparent discantinuity in the graph of figure 14, and 
switching 10 the trace lst (figure 15), tis clear that jump. 
takes place after address 02126g, line 16. Since the 
graph was every fifth state, the trace specification is 
changed to trace all states, centering the trace around 
the “suspect” address, and resulling trace lis of figure 
16 show a detailed state-by-state ist aroundthe jump. A 
few simple steps can locate a gross eror and quickly 
narrow the field of investigation to a detailed list of 
states around the prablem, a powerful set of techriques 
for rapid troubleshooting 

  

  

MEASUREMENTS ON 
SELECTED TYPES OF INFORMATION 

Frequently. analysis is greatly simplified if only a par- 
ticular type of information is collected. You may have 
indications that one /0 device is malfunctioning, or a 

 



  

Figure 16. Triggering on e por 
vacing all states contared on that address. g 
iew of Ihe sequance of states araund a p 

e and D5 

  

     
         

  

   particular subroutine is suspecl. Tracing only one kind of 
information is achieved with display qualification. With 
display qualfication. you select for viewing only 
transactions that are pertinent, which streamlines your 
troubleshooting and reduces the size of memery 
required for the logic analyzer 

One measurement dependent on display qualification 
isverfication that data s correctly writtento the transmit 
ter buffer on the serial 1/0 beard. Contin 
example of the start-up foutine (figure 11), compare the 

ssage transferred beginning at address 2500g with 
the display on the terminal as a check on the operation 

he seral /0 system. Changing the trace specifica 
tions totrace only states with addresses of 0025XXg and 
setting the 102754 Interface switch to WRITE produces 
the trace list of figure 17 which is totally comprised of 

write'” Instructions to the transmitter buffer. Comparin 
the trace list to the actual terminal display provides 

ieck on data transmission to that buffer 
As another illustration of display qualification, sup- 

pose you wished o check only 
tion. In this case, set t 
wrace ONLY STATES 17 
Transmitter Buffer 
set the qualifier swilch of the 10275 
WRITE. The printout of the confents of the logic analyzer 
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ntains only “wrte” nstructions,and 
lay an the terminal, verie 

y transtarred to aces 

  

     
     

memary (with the addition o the translation of the data 
bis 1o alphanumeric characters) and the terminal dis. 
play are shown infigure 18, These two examples are rel- 
atively simple applications of the process of display 
qualification 

  

  

    

   
      

Figure 18. 4 
atrace isf (21t S6g totransia 

1 10 algnanumenc code. A compars 
@ display an the terminal (o) verf 
g properly 

  

    
    
  

  

2



  

COMPLEX STATE MEASUREMENTS 
USING SEQUENTIAL TRIGGERS 
Model 16104 Logic Analyzer permils the entry of upto 

seven words which must be found in sequence beforea 
trace is begun. Each of the trigger wards may be further 
qualified by specifying the number of times that word 
must agpear (up to 65 536 times) before a search is 
made for the next sequence term, or the trace is begun 
A sequence restart sfate may be used to restart the 
search for the given sequence of Irigger words if the 
sequence does not occur before the sequence r 
word condition. The twa common situations which us 
these triggering capacities are tracing mulipath cade or 
tracing nested loops 
Tracing Multipath Code. I1's 2 rare minicomputer pro- 
gram that doesn't include at least one branching net- 
work. In the sample program, the initial address of the 
fouting that outputs an interrupt message, 21 20g, can be 
reached by three paths (figure 19). Suppose you are 
only interested in this routine when it occurs following 
address 2714g, With sequential triggers, this can be 
done simply by listing addresses 2714g and 2120g a 
1he two terms to be found in sequence. The Trace 
Specification menu for this condition is shown in figure 
20, and simply lists the two addresses, each occurring 
once. The trace list will show the two sequence terms 
and fist the subsequent states. Should you wish o view the 
states occurting between the two sequence terms, change 
the Trace Specification menu from START trace mode (o 
GENTER trace mode. In the trace list shown i figure 21 
only four states occurred between the o terms 
Obviously, with the option of up 1o seven trigger words, it 
is easy to specify only the branch of interest in alimost 
any situation 
Tracing Nested Loops. The casabiliy for sequential 
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Figure 19. Tre inferrupt messags routine at address 2120 
an b antrad by any one of hree dferent patns   

   

ggers is also a convenient feature when analyzing 
information which is contained in nested Ioops. Onerou- 
tine in the sample program repetitively writes a space 
and all 94 printable ASCI characters tothe terminal fig 
ure 22), Each time the major loap, J. ocaurs, the minor 
loop. K, s executed 94 times. For an exercise, consider 
how best to trace program execution following the 36th 
occurrence of the K oop during the ffth pass of J loop 
Most logic analyzers have a lrigger delay, ie. the 
number of states to be skipped following the occurrence 
of a trigger word. Then, using a ittle arithmetic, you can 
race the desived partion of program execution by using 
a rigger address of 200625, and a lrigger delay of 412 
slales (4 x 94 + 36] assuming the loops are of fixed 
length. A better way is using sequential triggers as 
shown in the Trace Specification menu of figure 23. The 
1610 Logic Analyzer begins at address 20000g outside 
the laops, passes the initial address of the major loop 
five times. and then traces program execution after the 
address of the minor 100p is passed 36 times. Note that 
in this case, ocourrences of the address of the minor 
100p are counted. The resulting trace is shown in figure 
24; the count of ocourrences of address 200623 is 
shown in the right-hand column. The first count, 376 (4 
94}, snows thatfour complete passes ol the major loop 
ocaurred before the 36 passes of the minor loop were 
counted. Sequential triggers make it Simple 10 trace 
information deep in nested loops of fixed or variable 
fengths without the bother and potential errors of using 
trigger delay and “simpie" arithmetic. 

      

Figure 20. Trace spociicaton for capluring the nterrupt mes- 
sage outpul reutine followng entry from path A, (figure 19) 
which inciudes an address, 27 1&g, which s unique to gath A 

  
Figure 21. Changing the Trace Specilcation menu o fgurs 20 
10 CENTER irace mode produces a race list which shows that 
four states occurred between the two sequential rigger wards, 
addrosses 27143 and 21205 

 



2003, 

20038 

20058 

  

Figure 22. & nasied loop contains a rinor 100g K hat s exc 
cuted 84 imes in each pass of the major 100p   

Figure 23, Wi s 
oraim acty in he nes 

Figure 24, Tne Trace Specticalion meny ol figuie 23 produces. 

  
MEASURING EXECUTION TIME 

The count time measure 15 particularly useful for 
benchmark tests to check for program efficiency. As an 
example, the 1/0 service routine shown n figure 25 can 
be evaluated sing time measures available on Model 
1610 logic state analyzer. This routing moves a 12 
character string to a buffer, and then moves the charac. 
ters one by one to a terminal, with 150 ms between each 

  

  

   

transmission. The Trace Specifiation menu (figure 26) is 
1 to count TIME, and the time count is setto relative 

REL) on the associated trace list (figure 27). Relative 
unts are listed for each state. and each time is 

sured between the state and the preceding isted 
le. Figure 28 shows the same trace list with an ab- 

solute (ABS) time measure, and ailtimes are measured 
from zero at the trace paint. 
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lay lo0p and 
e of iure 

nenu sets the 16104 o 
tmerequued to fransmi a char 

    

  

  

  

  

  

    

  
Figure 27. Tre race lst s 

Jion or the routine of igura 25 shaws tha elagsed ime 
2n saquental states on e display     



  
  
  

    

    
Figure 2 

usingthe      

  

LOCATING INTERMITTENT ERRORS 
Intermittent errors are some of the most di 

lems o pinpoint Aesults from th 
downstream from the rror, and the original error might 
be missed. Model 1610A has a Trace Compare mode 

ar be applied in situations where an error condi- 
tion appears sporadically. First, the fikely location of e 
error is defined, and a lrace is mate of a code segment 

ch is known to be execting properly (figure 29a). 
is correct trace is stored in the logic analyzer. The 
ce choices for subsequen fraces, shown in inverse 

are OFF, STOP =,or STOP #. Using the “stop if ot 
equal” (STOP#) operation, 50 long s a new trace and 

ace are display show only 
zer0s (figure 29b). Suppose the new trace does not 

atch the stored trace (figure 29c}: then the analyzer 
halts and the display wil contain nonzero numbers (fig: 
ure 2901 numbers, when converted 1o binary 
umbers, specify which binary bits are nonmatehing. 
For example. n figure 294, ine 10 is 345, Converted 

inary. 000034g = 0 000 600 000 000 011 100, and bils 
2,3,and 4 of ine 10 of the new trace do not ma 
orresponding bits of line 10 of the stored race list 

    

     

  

  

       

   

    

       
            

the stored 

  

    
    

    

       

  

     ch the   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

              
Figure 29. I Compare Trace mode. using S 
subseauent trace maiches the stared race s, 
the Trace Compare display (d) wil contai 
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TIMING ANALYSIS 
Most problems in a digital system can be located with 

technigues that monitor the state flow. However, there s 
asubset of problems thal are best resolved through tim 
ing analysis. Timing s often the most crucial factor in dit 
ficulies refated 1o handshake sequences, control lines, 
glitches, clock phasing, and similar prodlems. To llus 
trate the use of a logic analyzer in timing analysis, three 
examples of common measurements are given. 
neasurements on control lines and glitch detection, 
Model 16154 Logic Analyzer is used 

  

  

    

  

ANALYSIS OF TIMING 
RELATIONSHIPS OF CONTROL LINES 

Asystem crash always demands immediate attention 
and resolution. In this example, each time a program 
Started at address 60 000, the PDP-11/04 halts and the 
run light goes out. Analysis of both address and coniro 
lines s required 

The first step s to make the approgriate conne 
between the minicomputer and the logic analyzer. The 
lower 16 bits of address are assigned to Pods 3 and 2 
and, with the wire-wrap board of the 102778 interface, 
control lines are attached to Pod 1 as follows: 

  

     

    

  

   

  

   

Bit 0 - MSYN 
Bit 1 - SSYN 
Bit 2 - HLTRQ 
Bit 3 - INIT 
Bit 4 - BBSY 
Bit 5 - NPR 
Bit 6 - 8R4 
Bit 7 - Spare 

Like Modei 1610A, Model 16154 logic analy 
up with menus. For this problem, the Format Specifica 
tion menu of figure 30 andtne Tr icationmenu 
of figure 31 are used If the progra 

    s set 
    

    

m were executing 

FORMAT SPECIFICATION 
MOCE ETAINE EENIEE 

BORTED 
unisus 
ADDRESS 

LheeL 

LoGIC PoLARIT 

BUS MSYN H 
5US SSYN H 
BUS ALTRG H 
BUS It 
BUS 8BSV H 
BUS KPR 1 
SPARE      

    
ationalows dsplay 
el 16154 Lagi 

    

  

propery, the sequence of steps would include: 
1. 060000 is asserted on the address bus 
2. MSYN is setto 1 by the CPU 
3. Correct data is set to the data bus 
4. SSYN s setto 1 by ROM 
5. Datais read by CPU 
6. MSYN is set o 0 by GPU 

SSYN is set to 0 by ROM 

      

    
Notracelistis generated. soitis apparent thatthe trigger 

ndition address 060000, is never met. While sillin this 
post “crash” state, it could be worthwhile 10 100k at the 
state of the control ines. Changing to timing mode and 
triggering on any event under label E resultin the display 
of figure 32 showing line 2, HLTRQ (halt request) line, is 
high, which of course, halts the system. 
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sRe       Figure 32 q dlagram of contro ines after the sysiem 
crash shows lie 2, HLTRO (halt request. i hign, and s kel 
esull of 16 crash. 

 



    

  The next puzzie is why the HLTRQ line went high 
Ghoosing END trace mode and a trigger on HLTRQ will 
show what events ook place before tne line went high 
When the test is run again, the timing display of figure 33 
shows the assertion of ine 2, HLTRQ, at the far right of 
the display. Natice lines 0 (MSYN) and 1 (SSYN: line 
MSYN was asserted by the CPU, but a response on line 
SSYN was not returned by the memory. Protocol for 
PDP-11/04 control lines declares a time-out error if a 
MSYN signal is placed on the UNIBUS and an SSYN 
rasponse is not made within 20 us. The fime-out error 
causes the current instruction to be aborted and the pro- 
cessor “raps out”. Adiress 60000 is on a special ROM 
memory board which has a hald-off circul 1o compen 
sate for the access time of the ROM. A likely problem 

    

  

    
  

     

TINING DIAGRAN 
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WL 

Figure 33 data preceding s 
thal MSYN (ine 01 was asserted, bul 55 

etumed oy the memary. 

TIMING DIAGRAM 

Figure 34. Afer aitacni g the spare lead 1o the ROM holo-o 
‘oulput and messuring the time with h 
elapsed ime of 21.8 s   

source could be that the one-shot R time canstant is 
t00 long. Connecting the spare line input (iine 7) to the 
one-shot output and repeating the test gives the display 
n figure 34. Then the time the one-shot output was 
asserted is measured, and the direct time read-out is 
218 us: this exceeds the time-out limits for the UNIBUS 
Reducing the RC time constant in the hold-off circuit 
removes the prablem, and four steps were all that were 
required to identify the probiem. 

      

GLITCH DETECTION 
A glitch s a transient signal, and if it has sufficient 

amplitude and duration, t can cause a problemina sys- 
tem. Using the program and setup of the fast example, 
an analysis will be made of a different problem. In this 
illustration, a terminal service routine is interrupt-driven 
and is entered by pressing any key on the terminal. The 
problem i5 that each tme a key is pressed, the system 
halts. To troubleshoot this problem, the setup and 
procedures of the preceding example are fallowed, and 
as before, a display of the quiescent states of the control 
lines following the crash show that the HLTRQ line has 
been asserted. This time, triggering on the HLTRQ fine 
and viewingthe prec: 
o abnormal activity on the control fines (figure 35). 

A capabilty for both state and timing analysis is a 
particular advantage for troubleshooting problems of 
this rature. The sequence of events suggests that a 
qlitch could be involved, but an error in the software 

nould not be overlooked. Model 16154 Logic Analyzer 
defines a giitch as multiple transitions across threshold 
between sampling periods. If a glitch occurs. it appears 
s vertical bar, brighter and wider thanthe timing lines, 
and can be easily distinguished even if it occurs at a 
timing transition. 

For this analysis, the nex! step is to check activity on 
control and address lines before HLTRQ is asserted 
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Thisis done withthe Format Specification menu of figure 
36 and the Trace Specification menu of figure 37, in 
which the timing measure triggers the state measure, 
and the activity preceding the trigger is o be displayed 
The liming diagram shows no abnormal activity on con 
trol lines monitored, but the Irace fist (figure 38 shows 
the addresses of power-fil traps cells, 000024 and 
000026, on lines 252 and 253. In normal operation, 
whenever the power drops below a specified level, 
sither the AG LO or DG LO signals (generated by one 
shots| are asserted andthe GPU automatically rapstoa 
power failure routine at location 000024, For this ex- 
ample, the spare line is connected to the AG LO line 

The Trace Specification menu s akered to set a time 
delay of 15 us to display activity before and after the 
trigger on the assertion of HLTRQ. Rerunning the test 
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Figure 96. A Format Specification menu is setfo ra 
state and iming 
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   ement. and putting 
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and viewing the timing diagram shows ifigure 39) that a 
power-fail signal does appear on the AC LO line 
Moreover, this signal appears only after the interrupt 
from the terminal and caincides with the bus request for 
interrupt an the 8R4 line (line 6. The two signals are of 
unequal duration, which suggasts they are related, but 
notlied together. Two likely causes are (11 a wiring error 
across the path of the one-snot or (2] a giitch on the 
input to the AC LO one-shot. Since the latter problem 
is more likely, another line is assignied to the input of the. 
ane-shot. Line 5 NPR, is used because his channel has 
been inactive in the previous measurements, Then, the 
Trace Specification is set 10 trace a glilch on ine 5 
which is now the input of the ane-shot. This timing dia- 
cram (figure 40) shows a gitch on the inputto the power- 
fail circuitry which accurs at the same time as the 
interrupt signal from the terminal on line 6. A more 
detailed view (figure 41) is gained using the times ten 
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  Figure 38. The ace Ist associatad with ne (ming dlagram of 
Iigure 37 shaws the power fal rap call on ines 252 and 253, 

  

el SSSTTI e 1111 

Figure 35 g diagram snows tha a power-fai signal 
was asserted on AG LO.  



  

X10 magnitier, confirming the concurrence of the 
glitch and the interrupt signal. In this example a cay 
tive coupling of the twa lines causes the glitch, and con 
sequently. the system halt The problem can be 
corrected on the PG board. The interactive use of time 
and state traces reduces a complex problem through a 
short series of logical steps, each more narrowly defin 
ing the range of likely problem sources 
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Figure 41.4 magnfication X otiming dagram of igure 
40 corfirms that the gitch on the AG LO lne ine 5] coincide 
with he asserion of thinteriupi sigra o the terminal on the 
BR4 i (ine 6 

  
ASYNCHRONOUS MEASUREMENTS 
WITH A LOGIC STATE ANALYZER 

The first two examples of timing analysis used Model 
1615A which performs both state andtiming traces. The 
first problem, a time-out problem could also have been 
resolved using state flow with a Model 1610 Logic 
State Analyzer. 

The 10 MHz oscillator output of the 1610 is used t 
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clack data into the logic analyzer and the Format Speci 
fication of figure 42 is sel. Variables to be traced include 
e address (in octal base) under label A, and seven 

control lines in binary base, including 
MYSN (label B)  HLTRQ (label 
SSYN (label C ACLO (1abel E} 
BR4 (label ) BBSY (label 
INTR (label D 
ce Specifi 

  

     

    
  

    The tion menu (figure 43)is setto follow 
Ihe sequence that should occur beginning with address 
60 000 The trace that results (figure 44) Shows that 
address 60 000 is on the address bus, but when MSYN 
Iabel B) is asserted, the correct response on the SSYN 

line (label C) does not ocour, and the third term of the 
sequence oftriggers is not satisfied. Ghanging the Trace 
Specification, and placing an X (don' care) in the 
sequence where SSYN originally appeared. andusinga 

   
       

   

  

ormat Speciication assigns chisnnel aoeis or 
conirol fines of interest. The address is 

and ine control Ines are in inary base. 

  

Thate g § HH 

Sl 
™ ASSERTION OF MSYN 

Figure 43. The Trace Specification rigidly folows the 
sequence of event nat shold occur al address 60000  
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Flgure 44. Tn rac st shows a1 S easurement shows it 
respanse lo MSYN 1 addross 50D 

ain Figure 85.7n¢ frac 
MEYN is asse          

TIME count, produces the trace offigure 45 Onthethird  SUMMARY 
line of the trace, the last of the sequence terms, tne re- i e 
Iative fime count is 21.3 us. But this exceeds the 20 us  mak 
limit of the UNIBUS, and using the same logic as was  puter syste: 

d in the first example with Model 16154 Logic An: adding 
lyzer again leads to the deduction that the one-shot RC 
time constant anthe SSYN hold-offcircuit s set too long 
The time measures and internal clock make the Mode! 
1610A Logic State Analyzer adaptable o timing analysis 
as well as state flow analysis 

      logic analyzers 
hem excellent toals for troubleshacting minicorm- 

5. Analysis is even further simplified by 
e appropriate interfaces for easler connections 

essed signals. Logic analyzers canbe used 
with synchronous and asynchronou 

res. Examples show the advantages of adding 
1o your set of troubleshaoting toals for 

ing analysisin minicomputer systems. 

  

          
          

        
     

               
   

  

APPENDIX: MINICOMPUTER INTERFACE DESIGN CONSIDERATIONS 
  

  

The design of a minicomputer interface begins with 
a fairly good knowledge of the particular bus to be 
analyzed. In the typical minicomputer there are usualy 
16 bils of address, 16 bits of data. and up to 30 or 
more control lines with data transfers occurring at rates 
varying between 100 kHz and 10 MHz This plethor 
of information must somehow be interfaced to the input 
requrements of the o lyzer and in suchafashio 
as 1o be easily understood by the user. The design mu: 
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        take into consideration such thi eneration 
quallfiers, data timing, bus loading, and logic 
analyzer requirements = 

Generation of a clock to he analyzer usually require -— . 
ORing sev together for capturing al 
transactions on the bus. Figure A-1 shows the simple 
case of two separate cantrol iines being ORed together 
The delay line provides for the minimum clock puise SCpla % 
width requirement of the logic analyzer to be od 
A more typical example of clock generation is shown i 
figure A-2 where the data-in puise must be delayed in Figure Adt. A simp 
order to satisfy the data setup time of the logic analyzer 

Since logic analyzers are typically up to 36 bits in 
width, 1t is useful to generate transaction qualiiers, 
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Figure A-2. A typical caseof generating aclock sgnal for he 
Iogic analyzer adds daiay 10 the data-i pulse 1o salsty the 
minimum setup time requied by the analyzor 
  

  

     

  

    

    

  

Figure A3, The bus signals In fhis exampie (@) can bo 
decoded for & logic analyzer wih e approprile cirouty (b1 to     propracess signals to the analyzers. 

15 

such as read/write, DMA, memary refresh, etc. This 
requires circuilry to decode the transaction type and 
then to optionally inhibit the assaciated clock 1o the 
analyzer on the basis of some switch setting on the 
intertace. In this manner, only transactions of a certain 
type will be captured or excluded for analysis without 
the need for additional channels for qualification. This 
data reduction decreases the number of states to be 
analyzed to locate the desired state. Figure A-3 shows 
some sample bus signals and circuilry for decoding 
the transactions 

Data on the bus can be lransferred in either a 
synchronous o an asyncronous manner, depending 
upon the minicomputer* In most synchronous ma- 
chines there are two buses, one for memory and a 
slower bus for I/0. I this case, the two buses have 
to be multiplexed together (figure A-4] in order to 
maintain time relationships in the list display and to 
accommadate the logic analyzer data widih. Either bus 
type might incorporate a muliplexed address/ data bus 
With a multiplexed bus. the address is first placed on 
the bus and then some fime later the data is placed on 
the bus (figure A-5). This requires a latch to demul- 
tiplex the bus such that address and data are presented 
synchranously to the logic analyzer. When latching the 
bus, it is necessary 1o check setup and hold times of 

“For more detaled discussion of these two archilactures refer 
back to e main text, ‘Minicomputer Archiectures.” 
  

WULTIPLEXING WULTIPLE BUSES 
  

      

  

  

  

wosus K 
2 ,: oxTaTo 

| 
wemony sus = 

s 

S o 

oo % 
o processen 
  ] ey SthoaE 

    

    
  ook 1o 

    an 
  

    
    oEAr 

  
  

Figure A4 Systems which operate synchionously oftenuse     w0 buses. a memory bus and a siower 1/0 bus. 
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the bus with respect to the address clock and the latch, 
The minicomputer interiace should ideally present a 

10ad 1o the bus that is less than. or equal to. the 
manufacturer’s recommended specifications, both DC 
and AC. The DC inputrequirements of bus recaivers are. 
given in the IC manufacturer's data sheets. AC loading 
specs imply that the bus receivers shouid be located as 
close as possible 10 the edge connectar to minimize 
stray capacitance 

There are several adgitional requirements of the inter- 
face for the logic analyzer. First. good probe grounding 
is necessary to maintain data integrity from the inter- 
face 10 the probe. This entails separate grounds for 
&ach probe brought back to the minicomputer bus for 
imiting ground loop problems. Analyzers also have 
specifications for minimum clock pulse width and mini- 
mum clock pericd. Also, data presented to the probes 
has a setup and hold time with respect to the clock 
Table A-1 lists some of these specifications for HP's 
family of logic analyzers. 

  

  
  

  

Figure A-5. The information on a multplexed bus must be 
proprocessed for the logic anaiyzer (al to demuliplex data 
transmined between adcresses () 
  

  

  

  

  

  

  

  

  

      

  

              

Table A-1. Specfications for HP Logic Analyzers. 
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HP APPLICATION NOTES - DATA DOMAIN MEASUREMENTS 

1674 Enginsering n the data dorain calls for a new kind of 
digtal instrument. (Regrinted from Electronics Magazine.) 
1678 Troubleshating n the dala domain s Simpliied by logic 
analyzers. (Reprinied from Electronics Magazine. 
167-6 Mapping, a dynamic display of digial syster operation 
1677 Supplementary data from map displays without 
changing probes. 
1678 Functional analysis of the Motorola M§80O micro- 
processar sysiem 
16711 Functional analysis of Infel 3008 Microprocessor systams. 
167-12 Functional analysis of Fairchi F8 micropracessor sysioms 
167-124 Functional analysis of MOSTEK F8 micio- 
processor systems. 
167-13 The role of logic state analyzers in microprosessor 
based designs. 
16714 Functional analysis of 8080 microprocessor systeme. 
16715 Functional anaiysis of fnfel 4004 microprocessor systers. 
16716 Functional anaiysis of fntel 4040 micrapracessor sysiems. 
16717 Functional analysis of National IMP microprocessor sysiems. 
167-18 Functional analysis of Nafional Semiconductor SC/MP. 
micropracessar sysiems. 
167-18 Systematic “wim-on' of microprocessor systems using 
logie state anaiyzers. 
2391 Functional analysis of Signetics 2650 microprocessor 
systems using the 16104 
239-2 Functional analysis of TMS 8300 microprocessor systems 
using the 18104 

L Q) 

233-3 Functional analysis of 280 microprocessor systoms using 
the 16104 
2394 Functional analysis of 8080 microprocessor systams using 
the 16104, 
239-8 Functional analysis of 6500 micraprocassar systams using 
the 16104 
260-1 Understancing Hewelt-Packard's Model 16154 
Logic Anaiyzer 
275 Symplomaic oubleshooting of computer networks 
wih HP 16408 
275-1 Using the HP 16404 Serial Data Analyzer with the 
Epitage Recorder. 
2752 Using the HP 16404 Ssrial Data Analyzer with the Spectran 
CarpT-611 Recorder 
280-1 Making Complex Measurements wih the HP Model 16024 
Logic State Analyzer 
280-2 Monioring the IEEE-488 Bus wih the 18024 Logic 
State Analyzer. 
280-3 The 16024 Logic State Analyzer as an Automatic 
Test Instrumen, 
280-4 Using 16024's for measurements on wide buses in manual 
‘and automatic modes. 
292 Minicomputer analysis lechniques using logic analyzers 
26 Functional analyss of microprocassor systems wih e 
16114 Opt 001 Gneral Purpose Module 
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