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8087 PERFORMANCE  

be concerned with the quality of in-line operations (adds. sub­
tracts. multiplies. d ivides). 

The worst 8087 compiler support products are those 
libraries that adapted the 8087 to the original IBM compilers 
without converting the entire library and compiler over to 
the IEEE number format. Because of the ugliness of the con­
version process for the IBM FORTRAN library 110 routines. 
none of the products for this compiler is IEEE compatible. 
This means they all convert on the fly. back and forth be­
tween IEEE and Microsoft format every time a numeric opera­
tion is performed. This adds a lot of linkage time to all 
numerics. but the original routines in IBM FORTRAN were 
so bad that adding even this limited 8087-only support typ­
ically improved run times by a factor of 4. 

The IBM Pascal was a much better organized and docu­
mented product than the FORTRAN . The Pascal shared a 
common code generator with the FORTRAN and was well 
enough documented so that a careful person could coax the 
first pass of the compiler into generating constants in the 
IEEE format. Once this hurdle was overcome. it was just a 
matter of figuring out how to patch an undocumented library 
with IEEE code. Fortunately for me. the Intel translators leave 
their signatures behind. and a few calls verified that ASM86 
was the Intel assembler and IBM's secret object-file format 
was essentially Intel 's. The IEEE library that I developed for 
IBM Pascal ran 50 percent faster on simple operations than 
the non-IEEE library I developed for FORTRAN. 

Compiler-generated code can produce 30.000 to 40.000 
floating-point operations per second. The best that IEEE­
compatible 808 7 libraries can do is 8000 operations per sec­
ond. Yet there are many languages and products that get by 
quite well with this level of support and do not need the 
elegant code described in the following paragraphs. If you 
already own a compiler. the IEEE library approach may be 
adequate if your application's rate-limiting step is trigo· 
nometrics or exponentials. or if you use your compiler 
primarily for writing operating systems or compilers. 

The best of the IBM libraries reside in the IBM BASIC Com­
piler. These libraries are so good that 8087 adaptations that 
convert on the fly run at about the same speed as the original 
library routines. Users who want to see an improvement in 
BASIC programs are adv ised to use libraries that are IEEE 
compatible. With IEEE libraries. it is possible to get increases 
in speed of between 4 and 20 to I . depending on the ratio 
of simple operations to trigonometries and exponentials. A 
number of good products are out that only have library sup­
port (that is. they do not generate in-line code). If the com­
piler generates IEEE constants. then the support will be within 
a factor of 8 to I of the best in-line code. 

How does a compiler with an IEEE library perform a float­
ing-point operation and assignment? Assume you have writ­
ten a program to compute a simple sum. Along with sub· 
traction. this is the most severe test of the libraries. Because 
it is the most common operation by far. it is the one that 
typically sets the performance of the library. Let's analyze 
the following line of code: 

FOR I • I to 200000: A - B+C: NEXT I 

Because of the speed of the 8087 it is often necessary to 
make 200.000 loops to get good measurements of code 

speed. I did this in the actual program by setting up an outer 
loop with a limit of 20 and an inner loop with a limit of IO.ODO. 
I have written this line in BASIC syntax . but it just as easily 
could have been C. Pascal. or FORTRAN. Now look at the 
code generated by this line located in a MAIN program (i t 
will differ in PROCEDURES. etc.). A typical compiler will either 
set two pointers to the numbers or pass in the actual values. 
then compute the sum and return . leaving the computed 
value in a " floating-point accumulator" located in memory 
or in the 8088 registers. For example. one compiler generates 
the following code: 

MOV SI.OFFSET B :load pointer to A into SI 
MOV DIOFFSET C :load pointer to B into DI 
CALL SADD :ISll + IDl l -+ FPAC 
MOV DI.OFFSET A :load pointer to C into DI 
CALL SASS :Assign FPAC to IDIJ 

For those of you afraid of assembly language. hang in a sec· 
ond: 8087 code is easier to read and learn than straight as­
sembly language. The first two instructions take the address 
of the variables B and C and place them into 8088 pointer 
registers SI and DI. The next line calls a single-precision add 
routine. The result of a single-precision add is left in the FPAC 
(floating-point accumulator). The last two lines perform the 
assignment by taking the value out of FPAC and putting it 
in A. 

Now let's examine the library routines SADD and SASS. 

SADD: :schematic comments cycles 
FLD ISl l :JSll -+ ST(O) 43 
FADD IDll :JDll + ST(OJ -+ ST(O) 10 5 
FSTP FPAC :ST(O) -+ FPAC 89 
RET 

The routine SADD first loads the 8087 top of stack. ST(OJ. 
with the value of the first operand. On the right side of each 
line I have written the number of machine cycles required to 
perform the operation. Operand one is pointed to by the SI 
register in the 8088. The first line tells the 808 7 to use the 
value in SI as a pointer to a single real variable and load this 
value into ST(O). The actual code would contain an additional 
modifier. dword ptr. which would inform the assembler that 
the operand pointed to by SJ is single precision. The next line 
tells the 8087 to get the value pointed to by DI. add it to ST(OJ. 
and leave the result of the addition in ST(O). The final line takes 
the result and stores it in memory at a location labeled FPAC. 
A quick analysis of these three instructions reveals that it takes 
105 cycles to do the actual addition and another 130 cycles 
to move numbers into and out of the 8087. Put in other terms. 
a simple addition is less than 50 percent efficient if the 
operands have to be imported and the results exported on 
every addition. It turns out that for the library routines the 
code is worse because to complete the assignment you have 
to load the FPAC into A. This is done in SASS. 

SASS: schematic comments cycles 
FLD FPAC: FPAC-+ST(OI 43 
FSTP JDll: ST(0)-+1011 89 
RET 

(wntinuedl 
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This adds another 130 machine cycles to the code. Adding 
up the cycles reveals: 

linkage overhead 100 cycles 
2 FLD 86 
2 FSTP 188 
I FADD 105 

479 cycles 

But you are still not done! In the case of Microsoft BASIC. 
each of these two library calls has an additional 50 cycles of 
linkage to execute going in and coming out. This adds 200 
cycles to the total assignment time. which makes a grand total 
of 679 cycles to do an add and make an assignment. Dividing 
679 by 5 cycles per microsecond results in an approximate 
add. plus assignment time of 134 microseconds. which agrees 
with the measurements on 87BAS!C. For those of you who 
are perplexed. 200.000 adds in 32 seconds = 6300 adds per 
second = 1 add every 159 microseconds. 

Finally, let's evaluate the numeric efficiency of the code 
generated by single-register 8087 libraries. This criterion tells 
you how much of the work that gets done is related to the 
numeric process at hand. as opposed to numeric 1/0. Of the 
679 cycles. only 105 involved arithmetic as follows: 

FLO B ;B - sr(O) 4 3 cycles 
FADD A :sr(O) + A - sr(O) I 05 
FSTP C :Sf(O) ...., C _8_9__ 

237 cycles 

Therefore. the numeric efficiency is 105/679 = 15 percent. 

NATIVE-CODE COMPILERS WITH 
IEEE CODE ROUTINES 
The assignment just analyzed is handicapped by the fact that 
it is not amortized over more numeric operations. It sti ll shows 
that in-line code will make a big improvement in numeric effi ­
ciency. In-line code can be approximated with run-time libraries 
that contain "code routines:· Because of their ease of im­
plementation. compiler-called code routines were the first 
forms of 8087 support to appear. Developing your own en­
tails writing a library of subroutines. each of which performs 
a specific 8087 operation. The library must be written so that 
it can be called from the target language. which must use IEEE 
constants if the method Is to avoid "conversions on the fly:· 

Code routines never caught on because they are neither 
user-friendly nor transparent. I use them for experimenting 
with 8087 code because the set I developed is easy to interact 
with and debug using the IBM BASIC compiler. The technique 
is most effective where it can be used to eliminate compiler­
generated "numeric 1/0" by allowing the user to write global­
ly optimized code. For example. If you plan to use the variable 
C in a series of calculations. then you would compute its value 
and then leave it on the 8087 stack. as follows: 

100 CALL FSRLD!B): rem sro now contains B 

120 CALL FSRADD(C): rem sro now contains B+C 


And then do some intermediate calculations: 

130 CALL FDUP: rem sro and sr1 now conta in B+C 

140 CALL FSOR'r. rem sro contains sqrt(B+CI 

I 50 CALL FDlVP: rem sro contains SfOISTI 
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before making the assignment. 

160 CALL FSRSf P(A): rem assign sro to A 

The syntax here uses F for all library routines and fol lows 
it with an SR if a memory reference is made to a single real 
number. If you analyze the same calculation performed by 
the compiler's call to its run-time library. you would see it in­
volves twice as many 8087 operations and takes twice as long 
to run. This code rout ine technique can prove valuable if the 
compiler you own does not have in-line support. and if you 
can identify the most heavily executed code lines. Rewriting 
the key section(s) with code routines can usually make a fac­
tor of 2 improvement over compiler-generated library calls. 
Products that use this technique exist for IBM BASIC and 
Pascal. 

UPPER LIMIT ON 8087 SPEED 
For a compiler to generate really fast 8087 code. it must 

do two things: eliminate the wasted time in run-time library 
linkage and keep floating-point variables on the 8087 stack 
as long as possible. Before exploring these techniques. let's 
review other 8087 faci li ties. The 8087 has eight registers ST(O) 
... ST(7). which can be used for general-purpose storage of 
floating-point numbers. Any number that stays on the 8087 
stack gets treated as if it were an 80-bit number for the dura­
tion of its stay on the stack. Keeping variables on the stack 
reduces not only 8087 110 overhead but the accumu lation of 
round-off errors. If you can keep numbers on the stack for 
many iterations without doing any loads or stores. then the 
throughput will quickly approach the speed of a stack opera­
tion. Because the number of cycles required to perform a stack 
operation is well known. we can easily place an upper limit 
on the speed of the 8087. This is a convenient yardstick for 
the code in table I we are about to analyze. 

Notice in table I that I included the square root as a simple 
operation. The 8087 is unusual in that it does square roots 
as fast as division. and severa l hundred times faster than 
algorithms executed by the 8088. In typical code. it is rare 
to see a sequence of additions or subtractions without any 
multiplications or divisions. So it is deceptive to think about 
the upper limit as 59.000 floating-point operations per sec­
ond (FLDPS). In fact. a series of tests reveals that. in an average 
expression. the throughput for stack operations actually is 
about 4 5.000 FLDPS. This rough ly corresponds with the 
average of the times for the four primary operations. 

IN-LINE 8087 SUPPORT 

The best 8087 code is generated by native-code compilers. 
which emit 8087 instructions in-line. The quality of the code 
generated by these products is so good that the kinetics of 

Tuble I : Upper limit 011 8087 throughput for stack operands. 

Operation Machine Cycles Microseconds Rate Fl.OPS 
ADD 85 17 59.000 
SUB 85 17 59.000 
MU LTIPLY 138 27 44 .000 
DIVIDE 198 40 25.000 
SQUARE ROOf 183 36 28.000 



8087 PERFORMANCE 


the problem is more complicated than just identifying a rate­
limiting step. Many factors now start to play a role. These in­
clude the form of the problem being solved. the memory 
model being used by the compiler. interleaving of 8088 in­
structions with 8087 instructions (pipelining). the quality of the 
translation of expressions into 8087 code. 8087 stack use for 
common subexpressions. and the use of the stack for global 
variables that are "hot:· Ultimately. the key to improving 8087 
performance revolves around minimizing 8087 J/O. 

Now let's see how two of the best compilers use the stack 
in the programs they generate. In this section I'll concentrate 
on the evaluation of a single expression. It is a " fair" expres­
sion. which means I did not go overboard and choose an ex­
pression with five common subexpressions. which would show 
off the 8087 and the better 8087 code quality of one of these 
two compilers. The expression is typical of those that evaluate 
the properties of materials using polynomial expansions. Equa­
tion I is the expression I will evaluate. Equation 2 is an equiv­
alent representation. 

I) H - (CO + (X - K) • (CI + (X-K) •(C2 + (X-K) • (C3 + (X - K) •C4)))) 

21 H = C4 • (X-K)' + C3•(X-K)l . . . + CO 

Equation I is preferable for this test because it replaces the 
computation of powers with multiplies. which execute a fac­
tor of IO faster in the 8087. In these equations. (X-K) is called 
a common subexpression. A good compiler factors out com­
mon subexpressions so that they have to be evaluated only 
once. Both of the compilers we will study do this. The only 
difference in the generated code is where the common subex­
pressions go. Let's examine the impact of the different 
strategies on the number of machine cycles required to 
calculate H. 

First I'll use code generated by the Intel FORTRAN-86 com­
piler version 2.2 . It is a four-year-old product developed by 
Intel to run on its development system and to demonstrate 
the power of the iAPX 86/88 concept. The compiler recently 
"migrated" under license to PC users running MicroWare·s 
RlOS operating system. When this compiler came out. it was 
benchmarked by Intel against minicomputers and other 16-bit 
microcomputers and was shown to be superior for floating­
point purposes. 

Jn the upcoming section I will provide a guided tour of how 
Intel generates code for the example expression. 1b make this 
less painfu l. I have added comments to some of the code and 
also a stack chart on the right side of the code to help the 
reader visualize the activity on the 8087 stack. The stack is 
composed of eight registers. which are labeled ST(OJ through 
ST(7J and are often abbreviated as STO through ST7 . As you 
proceed along the code line. I will define the common subex­
pression and label it CSE. The compiler will also build partia l 
results. which I will label Fl through F3. Each line is labeled 
with a number followed by an 8087 operation. which has op­
tional operands that are followed by the state of the stack after 
the operation has occurred. I also included some schematics 
of the operations in the first 4 lines. Line 0 defines the initial 
state of the stack. All registers start out empty (MT) in line 0. 
Line op Operands Sf(O) Sf(I) Sf(2J Comments 
0 MT MT MT MT 
1 FLD K K MT MT :K -+ SflOJ 

2 FSUBR X X-K MT MT :X - Sf(OJ - -srro1 
3 FSf Sf(I) X - K X-K MT :srro1 ~ -sr111 
4 FMUL C4 C4 •(X - K) X-K MT :C4 •Sf0 =-Sf(O) 
5 FADD C3 C3+C4•(X - K) X- K MT :Fl = C3+C4 · (X-K) 

Looking at equation I . you see that the innermost factor is 
C3 +C4 •(X-K). This factor contains the common subexpres­
sion (X-KJ. which is computed in lines I and 2. Once 
evaluated. it is saved on the stack for future use. This is done 
in line 3. using an operation that copies STO into ST!. The next 
line forms the product C4•(X-K) and leaves it in ST(O). Note 
that (X-K) rides on top of the calculations being done in ST(O). 
Line 5 completes the fi rst factor. The balance follows: 

6 FMUL sro.sr1 (X-K) • FI X- K MT 
7 FADD C2 C2+(X-KJ •FI X-K MT :F2 = C2+(X- K)•FI 
8 FMUL sro.sr1 (X-KJ • F2 X- K MT 
9 FADD Cl Cl +(X-K) •F2 X- K MT :F3 = Cl +(X-KJ • F2 
10 FMULP (X-K)•F3 MT MT 
I I FADD CO CO+(X-K) • F3 MT MT 
12 FSfP H MT MT MT 

Looking over the second half. you see that it essentially repeats 
until you get to line JO. The compiler cleans up the stack for 
the next user by including two instructions that pop the stack 
(they also end in P). 

Based on the fact that the line executes nine floating-point 
operations. I determined the number of Fl.DPS. and on the 
basis of the fact that it was replacing 12 instructions. I com­
puted an "effective" Fl.DPS. which is labeled EFLDPS. 

Operations/second 
EFLDPS 46.880 
FLDPS 35.090 

The code generated by Microsoft was identical for both ver­
sions of Microsoft's compiler (3 .1 and 3.2). The major dif­
ference between Intel and Microsoft code is the use of the 
8087 stack. Intel uses it for storing temporaries such as com­
mon subexpressions. while Microsoft stores them on the 8088 
stack. You can see this by comparing lines 4 and 5 in the 
Microsoft code with line 3 in the Intel code. The most unusual 
thing about the Microsoft code is that it places copies of the 
subexpression (X-K) on the stacks of both the 8088 and 8087. 

Microsoft-Generated Code 
Line op Operands Sf(O) Sf(I) Sf(2) Sf(3) 

0 MT MT MT MT 

I FLD x x MT MT MT 
2 FSUB K X-K MT MT MT 

3 FLD sro X-K X-K MT MT 
4 FSf P IBP - 81 X-K MT MT MT 
5 FLD IBP-81 IBP- 81 X-K MT MT 
6 FMUL C4 C4 · CSE X- K MT MT 
7 FADD C3 C3+C4·CSE X-K MT MT 
8 FLD IBP-81 IBP-81 C3+C4 ·CSE X-K MT 
9 FMULP sr1.sro IBP-81·C3+ .. X- K MT MT 
10 FADD C2 C2+jBP- Bl •C3.. X-K MT MT 
II FLD IBP- 8) IBP-81 C2+1BP.. X-K MT 
12 FMULP sn.sro IBP-81 · C2 .. X-K MT MT 
13 FADD Cl Cl +IBP-81 ·C2.. X-K MT MT 
14 FMULP sr1.sro (X-KJ•(CI + .. MT MT MT 
15 FADD co CO+(X-K)o(Cl .. MT MT MT 
16 FSf P H MT MT MT MT 

(cont inued) 
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From a code efficiency standpoint. the cost of placing tem­
poraries in memory and on the stack is 16 instructions for 
Microsoft as compared to 12 for Intel. This amounts to a 30 
percent increase in code size and a corresponding increase 
in the number of machine cycles needed to execute it. When 
you analyze the number of cycles that each compiler takes 
for this job. you will see that the improvement is roughly 30 
percent in favor of Intel. This also demonstrates that the dif­
ference between the best (the Intel code line for this expres­
sion can be shown to be optimal!) and good does not make 
for a huge difference in performance for well-optimized in­
line 8087 code generators. Once you are in the ball park. the 
Jaw of diminishing returns starts to apply to code generators. 
Also in fairness to Microsoft and Intel. code quality is not the 
only factor by which to make a purchasing decision. On the 
average Microsoft code is actually more compact than Intel 
because Microsoft chose the Medium memory model. while 
Intel uses the Large model. which will be described later in 
the article. Designing a compiler involves hundreds of trade­
offs. none of which should make or break a product. 

Before leaving the example. I will analyze both code lines 
with an eye toward calculating the time spent doing 1/0 to 
memory versus arithmetic operations. This is easy. Just open 
any Intel user manual on the iAPX 86/88 series and turn to 
the section on the 8087. Most have a table listing all the oper­
ations and the number of cycles needed for each instruction 
as a function of the operand size and location. In my analysis. 
I segregated 8087 operations that do 110 on ly from arithmetic 
operations and then added up the cycles in each category. 
Every operation that references memory requires an effec­
tive address time (EA in table 2) to be calculated. as per Intel 
instructions. To complete the analysis. I transferred the 30 
cycles it takes for an instruction of the form FOP mem (OP 
symbolizes arithmetic operations) to do 110 from the arithme· 

tic side to the 1/0 side. The analysis is displayed in table 2. 
You can immediately produce all kinds of significant statistics. 

First. both compilers generate very good code. especially when 
compared to that generated by library calls. As the expres­
sion being evaluated makes better use of the 8087 stack. the 
numeric efficiency of the code generated by lntel increases. 
approaching 90 percent for problems that have large numbers 
of CSEs. The Microsoft code generation is fixed at 60 per­
cent for identical problems. because there is no reduction in 
the ti me spent addressing variables on the 8088 stack. which 
is in memory. What you are witnessing here is a battle bet­
ween hardware and software. Hardware designers speed up 
machines by building devices that have special instructions 
for doing "upper-level" activities. These special instructions 
save time by cutting down on the number of bus cycles need­
ed to execute them. Software designers always like to write 
universal code that can be ported to as many devices as possi­
ble. For universal code to maintain its portability, it cannot take 
advantage of these special instructions. 

There are some other very significant differences between 
Intel and Microsoft that affect performance and are impor­
tant to understand. The first involves calls to library functions. 
All Intel compilers use a common set of 8087 libraries to do 
such chores as trigonometries. transcendentals. and exception 
handling. The numeric parameters are always passed to these 
libraries on the 8087 stack. dramatically reducing the over­
head of a library call but requiring the compiler to keep track 
of the current depth of the 8087 stack. Microsoft uses the 8088 
stack or registers in the 8088 for passing parameters to library 
calls. The Intel technique is faster but much trickier. 

The second difference involves memory models. When Intel 
developed the iAPX 86/88 architecture. it created four memory 
models for wri ti ng programs. These are called Small. Com­
pact. Medium. and Large. The 8088 can address a megabyte 

Table 2: Analysis comparing time spent on 110 to memory versus aritfimetic operations. 

Intel M icrosoft 
1/0 OPERATIO NS 

Operat ion Cycles (EA J no. Total Operation Cycles (EA J no. Total 
FLO mem 46 5 I 51 FLO mem 46 9 5 27 5 
FST sti 18 I 18 FSTP mem 102 7 2 2 18 
FSTP mem 102 l 107 
+ arith 110 cycles 180 + arith 110 cycles 180 

356 673 
ARITHM ETIC OPERATIO NS 

FSUBR mem 110 I 115 FSUB mem 110 5 I I 5 
FMU L mem 120 I 125 FMUL mem 120 5 12 5 
FMU L st i 130 2 260 FMU LP sti 142 42 6 
FMULP st i 142 I 14 2 FADD mem 110 5 4 460 
FADD mem 110 5 4 460 
- 1/0 cycles - 6 • 30 -1 80 - 110 cyc les - 6 · 30 - 180 

Numeric Cycles 922 946 

Total Cycles 1278 16 19 

Numeric Efficiency 72 . 14 % 58.4 3% 
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of RAM (random-access read/write memory) broken up into 
64K-byte segments. Segments can be located at any multiple 
of 16 bytes in the 8088 address space and are addressed in 
the processor by four segment registers. The convenient "cell " 
into which programs can be broken is the segment. Depend ­
ing on how a program is broken into segments. it can be 
classified as fall ing into one of these four models. In general. 
the "smaller" the model used. the fewer number of times the 
values in the segment registers change As a result. smaller 
programs run faste r. In effect. Small programs still hold onto 
the 8-bit architecture of the 8080. The storage that can be ac­
cessed is increased as the models get larger. Th is is accom­
panied by a reduction in execution speed. 

Most of the compilers on the PC market fal l into one of the 
Intel memory models. The IBM FORTRAN and Pascal and 
Microsoft FORTRAN and Pascal fal l into the Medium model. 
The latest FORTRAN. version 3.2. has an extension- mega­
byte arrays-a feature that is not defined by the Intel models. 
The Intel FORTRAN uses the Large model with a similar ex­
tension for large arrays In the comparison of the two com­
pilers. I attempted to verify the use of these models and get 
an estimate o f the decrease in numeric speed resulting from 
the use of the larger model. 

The Medium and Large models are very similar. Both break 
up the program code into as many 64K byte segments as the 

user would like. Essentially. the user can use up to 64K bytes 
for any main program or subroutine. In the Medium model 
a single data segment is used to store all constants and data. 
In addition. the user can define common and memory areas. 
The Large model associates a data segment with every code 
segment. From a code standpoint. the main difference be· 
tween Large and Medium or Compact is that any time a 
subroutine is called using pass by reference (the FORTRAN 
standard). the compiler must pass 4 bytes of address infor­
mation (Large) instead of two (Compact) . 

A secondary effect is that any time an expression is evalu· 
ated that contains dummy arguments (those passed in). for 
each dummy argument used the 8088 must calculate the ef· 
fective address of the parameter used. This calculation would 
take additional time if it were not for 8087 pipelining: in a 
typical situation. the address calculation (8088) and the pre­
vious 8087 operation are done concurrently. The following 
listing compares the first three instructions of the example 
(direct addressing) with the code generated when dummy 
arguments are used (indirect addressing): 

INDIRECT ADDRESSING DIRECT ADDRESSING 
LES BX.IBP+PARAM+24HI :set address 
FLD ES:JBXl.K FLD K :8087 operation 
LES BX.IBP + PARAM+20HI :set address 

(continued! 
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Telex 703639. 

OiiOiiiiiiiiiii....-~CLEO~-

Circle 14 2 on inquiry card. 

Gemln l 10X ... . ..... 269.00 ASTSllcPakPlus 

Okidata 93 ..... . . . .. 645.00 Teac SSB 


II / D .... 


Call for pricing on our complete line 
of fine computing products 

~-~ ~AM'T BUY COMPUTERS FOR LESS 
(619) 579- 2730 

31155 Avoudo llvd., Suite 140• 11117 b Mes., California 911041_...,.........,., 

Priers sub1ect to change without notice ~ 
Prices reflict 9 t t 9'J,. cosn discount • Quanut1e' Ltmued~ 

-
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Table 3: Comparison by class of translators that support the 
8087 . 

Translator EFLDPS time Efficiency 

Native compiler with optimized in-line code 
Intel FORTRAN-86 46.800 51 I .04 
Microsoft FORTRAN 3.1/3.2 37.060 65 .82 

Native compiler with 8087 IEEE library and code routines 
87BASl087BAS+ 15.000 160 .33 

Native Compiler with 8087 IEEE libraries 
87BASIC 839 1 286 186 
LATIICE C 7500 320 .166 

Native compiler with 8087 non-IEEE libraries 
87FORTRAN (REAL•4J 4403 54 5 .07 

P-code compiler interpreters with 8087 libraries 
Professional BASIC 2000 1200 .04 5 
SS FORTRAN 5800 414 . 129 

Pure interpreter- no support 
IBM BASICA 444 5400 .0098 

FSUBR ES:JBX l.X FSUBR X :8087 operation 
LES BX.IBP+PARAM+8HI :set address 
FSf STI FSf STI :8087 operation 

Note the overlapping of 8088 and 8087 instructions in the 
indirect case. It is also important to understand that it is pos­
sible to convert a pass by reference call into a pass by value 
call by simply assigning the incoming dummy argument to a 
local variable. When this is done. the code generated by the 
Intel Large model reverts back to direct addressing. I conclude 
that there is no penalty to Large model programs in which 
the majority of data references are made to the " local" data 
segment. 

Summarizing. the Microsoft compiler produces uniformly 
good code independent of the complication level of the ex­
pression. Its efficiency is roughly 60 percent. The Intel code 
starts out at the Microsoft efficiency level and improves as 
the number of parameters that stay on the stack increases. 
asymptotically approaching 90 percent. Neither compiler does 
a good job with true mainframe optimizations. such as plac­
ing global real variables on the Numeric Data Processor stack. 
although the Intel compiler does keep real variables on the 
stack through basic blocks and passes parameters to library 
functions on the stack without unloading the stack. The big­
gest difference between the products is the use of memory. 
Intel uses the Large model. which allows each subroutine to 
have local data storage in an associated data segment. where­
as Microsoft uses the Medium model. which requires all data 
to go in a single segment. The other difference is the linker. 
M icrosoft generates only .EXE files. whereas Intel generates 
.EXE files and absolute files. The latter make it easy to place 
data in out-of-the-way places. like the RAM above the screen 
bank (8000 hexadecimal) but below the ROM (read-only 
memory) BIOS (basic input/output system). Including bank 
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AOOO hexadecimal. this opens up 256K bytes to user storage 
that IBM has reserved but not yet used. 

8087 ASSEMBLY~LANGUAGE SUPPORT 

It is very easy to evaluate simple expressions using your own 
in-l ine code. Tum approaches to generating 8087 code w ith 
the IBM assembler include the use of macro libraries and a 
preprocessor that converts 8087 opcodes into 8088 escape 
codes. For those users who own RlDS (MicroWare's real-t ime 
operating system). the choice will be the Intel assembler 
(ASM-86). which also serves as the definition for the language 
and mnemonics In tel invented for dealing wi th the 8088. It 
comes with an exhaustive library o f "808 7 common elemen­
tary functions .. and an 8087 debugger. 

The MS-DOS areas that requ ire substantial additional user 
effort are debugging with Debug (which skips over 8087 
escape codes and does not display the 8087 registers) and 
the development of trigonometric and transcendental libraries. 
l\vo products from MicroWare reduce these IBM 8087 sup­
port deficiencies. The first is a debugger. called 87DEBUG. that 
lets the users ..watch.. the 8087 as their codes execute. The 
second is a library of 8087 routines called 87MACRO which 
provides functions similar to the Intel libraries. For users who 
want to write their own rout ines. the suggested reading is the 
87/88 Guide and Intel Appl ication Notes. In any case. users 
who learn to write code for the 8087 will find it a valuable 
asset in generating specia l rout ines and in understanding the 
code generated by their compilers. 

'fab le 3 compares the effective numeric efficiency of a num­
ber of different translators for the evaluation of the double­
precision expression in equation I. described earlier. The times 
given in the table are in seconds for 200.000 eva luations o f 
this expression. The time to execute loops has been sub­
tracted. The column labeled EFLDPS contains the number of 
floating-point operations per second. adjusted for the fact that 
some of the compilers eliminate common subexpressions. 
Note that about a 105 to I spread ex ists from the slowest to 
the fastest. The slower products are obviously very inefficient: 
th is does not mean they have poor 8087 support. but that 
they are 1/0 bound as opposed to 8087 bound. It also points 
out that the 8087 is not a panacea. but rather a numeric pro­
cessor that works best wi th very tight code. The effective 
numeric efficiency was computed by dividing EFLOPS by 
4 5.000. the number of mixed stack operations that the 8087 
can do in a second. I chose this definition because it can be 
applied across a spectrum of products. For products that use 
the 8087 stack effectively. the effective numeric efficiency 
depends on the expression used to eva luate it and goes up 
as the number of common expressions increases. The defini­
tion can result in efficiencies that are greater than one. 

Tuble 3 ignores the other half of the story: library functions 
such as COS and EXP. If these functions are well written. they 
should perform with the same accuracy and speed in all im­
plementations (even the interpreters). However. a number of 
these languages do not support. or do a poor job handling. 
double-precision variables. Therefore. the quality of double­
precision arithmetic and the accuracy o f functions turn out 
to be a whole new story. If accuracy is critical for your appli­
cation. verify that the product in question meets the Intel/IEEE 
standard and allows the use of temporary real variables. • 
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BY ERNEST SABINE 

I
BM's two extensions to its line of 
personal computers. the XT/3 70 
(or 5160 Model 588 or Model 568) 
and the 3 2 70 PC (or 52 71 Model 

2. 4. or 6), address the micro-to­
mainframe link for the IBM 370. 43XX. 
and 30XX series of general-purpose 
computers. Each allows simultaneous 
operation of an IBM PC as a stand-alone 
computer and as an interacti ve terminal 
networked to an IBM mainframe. 
Beyond this the XT/3 70 and 3270 PC dif­
fer significantly. The XT/3 70's major em­
phasis is on executing IBM 370 pro­
grams on the XT itself. The 3270 PCs 
emphasis is on providing high-quali ty 
color graph ics and interaction between 
the XT PC-DOS-based applications and 
the mainframe host. In th is article we'll 
take a look at the XT/3 70. 

WHAT Is THE XT/ 370? 
The XT/3 70 operates in one of three 
ways: as an XT personal computer. an 
interact ive full-screen terminal con­
nected to an IBM mainframe computer. 
or as a mainframe-like system executing 
370 programs By using a "hot" (ESC) 
key. you can run in one or all three con­
texts concurrently. 

In PC mode. the XT/3 70 opera tes as 
a regular IBM PC XT with 640K bytes 
of RAM (random-access read/write 
memory) and one or two IQ-megabyte 
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Photo I : The XT/3 70 from IBM. 

fi xed-d isk storage units controlled by 
PC-DOS 2.0. It is slightly slower than the 
van illa XT model. because some of the 
RAM opera tes more slowly to accom­
modate other microprocessors in the 
XT/370. 

When operating as a main frame com­
puter term inal. the XT/370 emu lates an 
IBM 3277 Model 2 display: a 24-l ine. 
80-character-per-line. monochrome full­
screen term inal. In th is mode. you can 
interact directly with a mainframe host. 
including IBM 's 370. 43XX. or 30XX 
processors. Because of a thi rd mode. 
the mainframe can operate under 
VM/SP (Virtual Machine/System Prod­
uct) interacting with the user through 

CMS (Conversational Monitor System) . 
CMS provides a timeshar ing environ­
ment for editing. compiling. debugging. 
and execu ting programs in a variety of 
languages. Under CMS. your XT/370 can 
store and retrieve data on magnetic 
tape and disk. route input and output 
to and from record equipment. such as 
ca rd readers and line printers. or to 
other mainframes as well . 

When operated in the System/3 70 
mode. the XT/370 uses 480K bytes of 
real main storage. The system contains 
hardware that can map 4096K bytes (4 
megabytes) of virtual memory onto the 
rea l memory using the 370 relocation 
method. The keyboard and display 
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A qualified success, IBM's XT/3 70 represents a genuine advance 

in desktop computing 


operate as an IBM 3277 Model 2. and 
the disk and fixed-disk storage are ac­
cessible as CMS virtual-disk storage. 
Added to these features are a link to the 
IBM mainframe al lowing access to its 
virtual disks for retr ieving and storing 
programs and data. and access to 
printers for high-speed listings The 
mainframe link can also up/oad/down­
lo d files between the XT/370 and the 
mainframe host. If the XT/370 is locally 
attached-that is. connected through a 
mainframe channel-data is transferred 
at rates exceeding one million bps (bits 
per second /. 

THREE ADDITIONAL BOARDS 

You can buy an XT/370 as a package. 
or you can upgrade an existing XT or 
IBM PC. The IQ-megabyte fixed-disk ver­
sion is the 5160 Model 588. If you need 
20 megabytes (two fixed disks). you 
need the Model 568 without disks and 
the 5161 Model 3 expansion unit with 
two fixed disks. To upgrade an ex isting 
XT. get the XT/3 70 Option Ki t- feature 
3891. The kiteven includes a new name­
plate Make sure your original computer 
has 256K bytes of RAM on the mother­
boa rd. In addition to the XT/370 or 
upgrade. you 'll need software for ter­
mina l and 370 modes and manuals for 
diagnostics and reference. 

The XT/370 includes a monochrome 
display and an adapter board. You can 
use a color monitor. but its color and 
graphics featu res are unavailable in ter­

minal or System/370 mode. The three 
boards that operate the two extra 
modes are the XT/370's most significant 
feat ure. One board operates the Sys­
tem/3 70 processor. another serves as 
both System/3 70 ma in storage and XT 
storage. and the third provides a main­
frame connection . 

The processor ca rd (PC/370-P card) 
contains three microprocessors and a 
370-page table with room for 1024 en­
tries. A 370 VM/CMS page contains 
4096 bytes. so the processor card sup­
ports a 1024 by 4096 or 4-megabyte vir­
tual-address space. The processor card 
must be installed in slot 4 of the XT. 

The processor ca rd uses two Motor­
ola 68000 chips and an Intel 8087 chip 
for the System/3 70 operation . One 
68000 performs instruction fetch. de­
coding. and emulation o f most 370 
fixed-point instructions. It also uses its 
registers and program counter to 
emulate both the 370 general-purpose 
registers and program status word 
(PSW). 

The second 68000 manipulates the 
370-page table. processes exceptions 
(inval id op codes. zero divide. etc.) . and 
emu lates system-related fixed-point 3 70 
instructions. This includes the super­
visor ca ll (SVC x·oa·) op code used to 
pass requests from appl ication pro­
grams to the CMS monitor and the 
DIAGNOSE (x '83 ') instruction. On a 
mainframe the DIAGNOSE instruction 
passes function requests beyond the 

CMS monitor to the VM control pro­
gram monitor. and on the XT/370 DIAG­
NOSE communicates function requests 
from the System/370 mode to PC-DOS. 

The 8087 processor performs 370 
floating-point instructions. Its registers 
emulate the 370 floating-poi nt registers. 

The memory card (PC/370-M card) 
contains 512 K bytes of parity-checked 
RAM . It must occupy slot 3 of the XT. 
The memory is accessible from both the 
XT's 8088 processor and the System/ 
370 processor ca rd . The 8088 has 
priority over the processor card to en­
sure that time-critical operations. such 
as in terrupt processing. are carried out 
properly. 

When accessed by the 8088. the 
memory on the P0370-M card is ad­
dressed as locations 2 56K on up. with 
the last I 28K bytes mapped out. When 
accessed by the processor card. the first 
480K bytes appear as locations 0 to 
480K bytes of System/370 memory. The 
remaining 32K bytes are used for stor­
ing 68000 microcode used to emulate 
the 370 funct ions and interface opera­
tions with PC-DOS as carried out by the 
second 68000. The memory on th is 
card operates sligh tl y slower than the 
XT memory on the motherboard. This 

(con linuedl 

Ernest Sabine is a division leader in tfre sys­
tems development division al lne Charles Stark 
Draper Laboratory (Information Systems De­
partment . 555 Technology Sq .. M.S 33 . 
Cambridge. MA 02 l 39) . 
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BY PAUL E. HOFFMAN AND G. MACK HICKSXT/3 70: The Missing Link 

IBM's introduction of the XT/3 70 will 
affect more people than just those 
who work with the IBM 370 main­

frames. 
If you're confused by the introduction 

of a "desktop" 370. remember first who 
IBM is: a company with 370.000 employ­
ees and an annual gross income of more 
than $40 bill ion. If you are familiar only 
with IBM's microcomputers. you may not 
realize that. in spite of all the interest and 
excitement generated by the PC family. 
it represents only about 5 percent of 
IBM's income. 

IBM's announcement of the X'IY370 last 
October illuminates two major marketing 
strategies for the PC and 370 lines. First. 
IBM treats the PC as little more than a 
box that can be easi ly expanded with 
more powerful central processors. Sec­
ond. the 370. IBM's primary mainframe 
offering. can now be on any user's desk 
as a real computer. not simply as a ter­
minal. IBM recently stated that its major 
push for the rest of the eighties is toward 
intell!gent workstations instead of com­
pletely centralized mainframes or com­
pletely decentralized microcomputers. 

If you dismiss the XT/370 as simply part 
of a new method that IBM has devised 
to sell terminal equipment to 370 main­
frame owners, you have missed the point. 
IBM would be happy to start you on an 
XT. upgrade you to an XT/370. and then 
eventually hook you into a 3 70 for soft­
ware distribution. Thus. even if you do not 
currently use a mainframe computer, 
IBM's microcomputers give you an up­
ward path to them. You are not required 
to use.a mainframe 370 in order to use 
an XT/370. 

DOWNLOADING PROGRAMS. 
NOT )UST DATA 
Because the XT/370 uses the exact same 
Instruction set as the 370 mainframe. you 
can copy executable programs from the 
mainframe to the microcomputer and run 
them directly. For example. imagine it is 
just before noon. and the mainframe 370 
is becoming terribly slow. You really want 
to run a large database job. but you are 
afraid it may take hours at the current 
load. Instead of b.eing tied to the mai n­
frame. you can simply make a copy of the 

database-management system on your 
XT/370 and run the job on your own sys­
tem. 

In fact, you do not need to download 
the program from the mainframe: if your 
office mates have it on their systems. they 
can give it to you on an ordinary floppy 
disk. You might even buy an XT/370 simp­
ly to run all of the thousands of programs 
that are already avai lable for its main­
frame namesake. 

In the future you can expect IBM to use 
the XT/370 to distribute business soft­
ware electronically. This. of course. will 
introduce further software licensing prob­
lems. IBM requires a separate license for 
each XT/3 70 on which a mainframe pro­
gram runs. It has begun distributing direc­
tions for downloading programs onto the 
XT/370 with the standard software docu­
mentation. Other software vendors will 
probably do the same soon. 

THE VM/PC OPERATING 
SYSTEM 
Your interface with the XT/370 is almost 
identical to your interface with a 3 70. 
VM/PC (Virtual Machine/Personal Com­
puter) control-program commands on the 
XT/3 70 are directly compatible with 
VM/SP (Virtual Machine/System Product) 
commands on the 370. This is important 
to microcomputer users for two reasons. 
First. if you already use VM/SP on a 370. 
you will be completely comfortable with 
your new XT/3 70. Second. while you can 
run PC-DOS on this new computer. IBM 
downplays its importance. (Anyone who 
feels that IBM has a long-term commit­
ment to Microsoft and MS-DOS should 
take note.I 

The user's interface to VM/PC and 
VM/SP is called CMS. which stands for 
Conversational Monitor System. You give 
commands to CMS in a fashion similar 
to the way you give commands to CP/M 
or MS-DOS: you respond to a prompt by 
typing in a command followed by a 
number of arguments. CMS runs under 
CP. the control program. (In fact. the com­
mand syntax of Digital Research's CP/M 
was derived from IBM's CP.) CMS is the 
most popular operating system within 
IBM and is used extensively by its huge 
marketing staff. 

CMS is also used on many of IBM's 
other large computers. including the 360, 
the 4300. and the 308X series. If you've 
used any of these computers. you will 
have no problems using the XT/370. 
Though certain programs do not run on 
the XT/370. the problem is with the cur­
rent version of VM/PC. not the hardware. 
Future versions of the VM/PC will be able 
to run even more programs. 

1Wo of VM/SP's major tools are its 
editor. XEDIT. and its batch programming 
language. EXEC. With these tools. any 
programmer can create a wide variety of 
environments for users. such as interac­
tive help and menu-driven processing. 
The distinction between the editor and 
the batch processor is blurred. since you 
can give the editor a list of commands 
to perform on a set of files and even ex­
ecute operating-system commands from 
within it. XT/370 users are given both of 
these programs as part of VM/PC. 

One of the unique features of the 
XT/370 is its ability to access disks on the 
mainframe as if they were its own. For in­
stance. when you download PascalNS 
from a 370. you can choose to copy only 
a few of the program libraries. Then . 
simply link the disk on which they reside 
on the mainframe to VM /PC with a com­
mand. When Pascal/VS looks for the 
libraries. it will go through its normal 
search order, first on the X11370. then on 
the mainframe. 

VM VS. PC-DOS PROGRAMS 
Because VM programs use virtual mem­
ory. a program has available an almost 
un limited amount of memory space. 
Most PC-DOS programs address only 
128K bytes: imagine similar programs 
that can use up to 4 megabytes. or 32 
times as much memory. With virtual 
memory. the limited text editors and for­
matters of PC-DOS could become in­
credibly powerful tools. 

Other business programs. such as 
spreadsheets and database managers, 
also thrive with the significant increase 
in avai lable memory When VM program 
designers work. they do not need to 
worry about memory limitations nearly 
as much as their microcomputer peers. 
This results in more powerful programs 

212 • BYTE Gulde to the IBM PC • Fall 1984 



THE XT/370 


that are laden with features. 

THE FUTURE 
Although many people th ink of the PC 
as a full-blown microcomputer. IBM con­
ceives of it as an easily upgradable box 
with many expansion slots. a bit of mem­
ory. some mass storage. and an insignifi­
cant central processor. (In fact . when you 
run VM/PC. you use the 8088 as an 1/0 
processor.) 

You will see a number of Impressive in­
novations on the PC in its configuration 
as an XT/3 70. More people who work in 
companies with 370s but have no access 
to the computer wil l have XT/370s on 
their desks and will use them for the ma­
jority of their business communications. 

It is always difficult to tell which of IBM's 
new products it intends to push and 
which are red herrings. For instance. 
many people felt that IBM "legit imized" 
the UNIX market with its POIX announce­
ment: since then. almost nothing has 
been heard of the product. However. the 
X11370 is certain ly going to be important 
to IBM, because it gives IBM an easy way 
to let users reduce the strain on their 370 
mainframes and inexpensively gives end 
users more power at the same time. 

The XT/3 70 is a strong entry into the 
new market of decentralized mainframes. 
Instead of coming up with a new main­
frame. IBM designed a new microcom­
puter that works with the already estab­
lished line. In fact. it also used an already 
existing communications path between 
the two computers, so that the IBM PC/XT 
cou ld be easily integrated into the cur­
rent 370 environment. Both mainframe 
users and microcomputer users will soon 
see the results of this development. and 
within a few years. it may be hard to tell 
the two sets of users apart. 

Paul E. Hoffman (2000 Center St.. Suite 
l02 4. Berkele!J, CA 94704) i5 the coauthor 
of the MS-DOS User's Guide. recentl!! 
published b!i Osborne/McGraw-Hill. G. 
Mack Hicks (26 Carl St.. San Francisco, 
CA 94117) is a senior 5!JS!ems consultant 
for the Bank of America. 

allows it to meet the timing constraints 
designed in the processor card . 

The 3277 emulation card (PC/3 70 EM 
ca rdl must occupy slot 2 in the XT. It 
conta ins the circuitry and coax ial con­
nector for attaching the XT/3 70 to an 
IBM mainframe. The coax. which can be 
up to 2000 feet long. is run to an IBM 
3274 Display Control Uni t with a type 
B term inal adapter. The 3274 may be 
local ly attached to a high-speed data 
channel (about I megabyte per second) 
or con nected through a synchronous 
data li nk control (SDLC J te lecommun i­
cations link. typica lly at 4800 or 7200 
bps. 

Tu!o 0PERAT1 NG SYSTEMS 

The software for the XT/3 70 includes 
PC-DOS 2.0 and a "Licensed Product." 
Virtual Machine/Personal Computer 
(VM/PC). which operates only on the 
XT/370 version of the XT. While operat­
ing as a personal computer. the XT/370 
requires only PC-DOS. You'll need both 
software components for operating 
your XT/370 as either a 3277 display ter­
minal or in System/370 moqe 

Besides supporting the XT/3 70 as a 
personal computer. PC-DOS performs 
the same functions on the XT as the VM 
control program does o n a mainframe 
370: file handli ng. paging IIO. display 
and keyboard 1/0. and file transfers be­
tween the XT/3 70 and the mainframe. 
Requests for 1/0 by a 370 program are 
reflected to PC-DOS by interrupts gen­
erated when the 370 DIAGNOSE in· 
struction is executed. Th is instruct ion is 
used by the CMS monitor to pass sys­
tem-related function calls to the VM 
control program monitor on a main­
frame. On the XT/3 70. PC-DOS pro­
cesses the interrupt. and the associated 
1/0 parameters are passed to an 1/0 
driver running under PC-DOS. 

VMIPC is a "skinny" version o f IBM's 
VMICMS mainframe times haring oper­
ati ng system. It allows 3277 d isplay ter­
minal emulation . includes utilities for 
moving CMS formatted files between 
the XT and the mainframe. and transfers 
files on the XT between CMS and PC­
DOS. 

Using the PC-to-mainframe link. an 
XT/370 CMS application program can 
access CMS files on the mainframe. 
record by record. Print files. created by 
the CMS application. can be spooled 
either to a printer connected to the 

XT/370 or to the mainframe for high­
speed output. 

VM/PC also supports CMS 1/0 devices 
such as the console (the keyboard and 
d isplay). local CMS virtual disks on 
fixed-disk and floppy-disk drives. and 
local printing. It also enables you to 
remotely access CMS files and the 
printer spool on the mainframe. The ful l 
CMS and control-program command 
repertoi re is available. including the full­
sc reen XEDIT file editor. the EXEC2 
command language (a more powerful 
batch-like command processor). and the 
DEBUG subcommand environment. 
VM IPC also includes a 370 Processor 
Control debug function that provides 
access to the 3 70 registers. program 
status word (PSW). and main storage. It 
also allows execution and tracing of 370 
programs in single step and stop-on ­
address-compare modes. 

Besides XT/370 resident software. 
VMIPC includes a remote server pro­
gram that operates on the mainframe 
host. The remote server coordina tes 
data transfer at the mainframe end. be· 
tween the XT/370 and the host. 

VM/PC provides a full CMS environ­
ment. bu t you may want to run other 
370 applications under CMS as well. 
You can download any 370 program 
runn ing on the mainframe to the XT/370 
and it wi ll operate correct ly if its 1/0 is 
restricted to the XT/3 70 CMS devices: 
its rea l and virtual storage requ irements 
do not exceed 4 I 6K bytes and 4 mega­
bytes. respectively: and it has no time 
or operating system's internal depen­
dent code. 

Compilers. data management. finan ­
cial analysis. and other types of pack­
aged applications software present a 
special case if they are sold. leased. 
rented, or otherwise licensed for use on 
the mainframe only. Third-party 370 ap­
plications software vendors will have to 
establish additional policies for dis­
tributing their products on the XT/3 70. 
Most mainframe pay-for-use software 
packages lack copy protection. IBM has 
already established a pricing policy on 
its software products. which includes a 
gentleman's agreement on distribut ion 
to paying XT/3 70 customers only. 

The XT/3 70's functions add consider­
able storage requirements to those of 
PC-DOS. Tuble I presents the RAM and 
fixed-disk requirements for both PC­

1conlinuedl 
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DOS and VMIPC. Free storage on the 
fixed disk can be severely constrained 
if several of the commonly used com­
pilers are included. For example. if you 
run both the COBOL and PUI compilers. 
less than 50 percent of a 10-megabyte 
fixed disk is left for source. data. and 
other user files. Using a single disk can 
also constrain performance. especially 
if you load your compilers frequently. 
In that case. you may need two fixed 
disks. one for the operating system and 
compi lers and the other for user files. 

OPERATING THE XT/ 370 
Because the XT/370 has multiple 
modes. you can operate it as a personal 
computer or a remote terminal hosted 
to a System 370. Here are a few typical 
operationa l scenarios: 

• CMSIPC-OOS bridge. By capturing 
data from PC-DOS. perhaps on 
disk. you can import it to the local 
CMS for subsequent processing. 
Exporting data wou ld reverse the 
operation. 

• Local 	 CMS editing/remote com­
puting. By using XEDIT on the 
XT/3 70 for file editing. you avoid 
response-t ime delays because of a 
mai nframe's heavy work load . You 
can also SPOOL source programs 
and data to the mainframe for 
processing. 

• Local 	 compilation and test­
ing/remote computing. You can go 
the above step one further on the 
XT/370 by using a loca l copy of a 
370 compiler. 

• Local 	 computation/remote data­
base. You can compile data locally 
or extract ob ject programs from 
the mainframe and run them under 
CMS on the XT/3 70. You can also 
access files from a large. perhaps 
shared. database on a mainframe. 

• Local database/remote computa­
tion . Using local data on the 
XT/3 70. you can execute centra l­
processor or large memory-intens­
ive programs on the mainframe. 
The results can be returned to the 
XT/370. 

• Local computation/local database. 
You can use the XT/370 local ly to 
process sensitive or proprietary 
data and programs. 

With VM/PC you can sw itch modes 
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whi le another mode is still executing. Al­
though you ca n run a local and remote 
CMS session and move files across the 
systems concurrent ly. you'll probably 
find it difficult to work on parallel ac­
tivities. The easiest way to take advan­
tage of multiple operations is to spin off 
the printing. file access and transfer. and 
remote batch jobs that don·t requi re 
your interaction. It would be less con­
fusi ng to use mu ltiple sessions if the flle 
and spooling functions were unified so 
the user could '"reach out and touch" 
software too ls and data from one en­
vironment wh ile operating in another. 
Some commands used in CMS have 
similar counterpa rts in the CP monitor. 

Table 1: XT/3 70 storage requirements . 

MAIN STORAGE: 
Use 

Processor control storage 
VM/PC control program 
370 CMS/user memory 

FIXED DISK: 
Use 

PC-DOS 2.0 
VM/PC system 

OTHER 370 SOFTWARE FOR FIXED DISK: 
Software 

ASSEMBLER H 
BASIC processor and library 
COBOL compiler and library 
FORTRAN VS compiler and library 
PASCAL VS compiler 
PL/I optimizing compiler and libraries 
DCF (SCRIPT VS) 

Table 2: Lisi prices for a basic XT/370. 

Hardware 
5160 model 588 (XT/370) 
5151 monochrome display 
5152 80-cps graphics printer 
4900 mono display/printer adapter board 
5162 printer cable 

Software 
DOS/BASIC 2.1 
VM/PC 

Manuals 
XT/370 Hardware Maintenance 

XT/370 Technical Reference 


which leads to occasiona l confusion as 
to whether you·re in the VM/CP or CMS 
environment. 

Like any computer. the XT/3 70's per­
formance depends on the cha racter­
istics of the workload. Any computer 
can be made to look either very fast or 
slow with a carefu l se lection of 
programs. 

For raw number crunching in System/ 
3 70 mode. the XT/3 70 opera tes at ap­
proximately 0.2 million instructions per 
second (MIPS). slightly slower than an 
IBM 4331- 1 mainframe carrying a 
$70.000 sticker price. The floating-point 
speed derives from the math chip on 
the processor card. 

Total 

Total 

Storage (K bytes) 
32 
64 

416 
512 

Storage (megabytes) 
0.1 
1.5 
1.6 

Storage (megabytes) 
0.2 
0.5 
1.0 
1.5 
1.2 
3.0 
0.6 

$8085 
275 
449 
250 

45 
Subtotal $9104 

$ 65 
1000 

Subtotal $1065 

$ 60 
28 

Subtotal $ 88 
Total cost for base unit $10,257 
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For raw number 
crunching, the XT/3 70 
operates at 
approximately 0.2 

million instructions per 
second, slightly slower 
than a $70,000 IBM 
mainframe. 

When executing CPU-bound code. 
using a genera l mix of LOAD/STORE/ 
BRANCH type of 370 instructions. the 
system executes at approx imately 0.1 
MIPS. For short. interactive programs 
such as a text editor or data entry. this 
speed is qu ite adequate. Compi ling 
large source programs can take much 
longer than the same activity conducted 
on a 370 mainframe. 

A more subtle performance phenom­
enon occurs when you're executing pro­
grams using extensive 370 supervisor 
instructions. These instruct ions change 
the sta te of control registers and page 
tables and cause 3 70 system state 
cha nges. al l of wh ich require more 
microcode and time than a simple 
LOAD or STORE. 

1/0-intensive programs accessing a 
fixed disk will run quite slowly beca use 
PC-DOS performs the 1/0 through the 
XT 8088's 8-bit data path 1/0 access to 
data on the mainframe through the 
coa x/3 2 7 4 control ler link can be quite 
fast if the 3274 is attached to a chan­
nel and the mainframe is not heavily 
loaded. A remote 3274 will suffer from 
telecommuni ca tions data rates so slow 
as to require short records or transmis­
sion to be in frequent 

COSTS 
Operat ing the XT/3 70 requires you to 
purchase both XT-related hardware and 
software. You' ll also incur the costs of 
connecting to the mainframe. Table 2 
lists the base price of an XT/3 70 with 

(continued) 
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a monochrome display and a JO-mega­
byte fi xed disk. The 510.257 price tag 
does not include PC-related software 
and extra hardware. which could b ring 
the actual purchase price up into the 
512.000 to $14 .000 range. Clearly. the 
XT/3 70 is to be used in the IBM main­
frame environment. where monthly 
budgets for system hardware may fa ll in 
the 520.000 to 52.000.000 range. If you 
already have an XT system . you can up­
grade i t to the XT/3 70 for 5 3 790. (Order 
the IBM Personal Computer XT/3 70 Op­
tion Kit. feature 389 1.) 

The add itional mainframe costs in­
c'lude coax cable and 32 74 port con­
nections. They can run from $100 to 
$200 per term inal. The number of 
XT/370s acti vely connected to a 3274 
control unit affects total performance. 
Ex tensi ve file tra nsfers wi ll slo w 3274 
perform ance and cause poor response 
times from other term inals connected 
to the same 3274 . 

If you use leased software. add it to 
your operating costs. IBM's policy on 
VM/CMS licensed program products is 
to charge a monthly usage fee for each 

XT/3 70 using the software. Table 3 
shows the monthly charge fo r some of 
IBM's common ly licensed products. 

Balance against these costs the poten­
t ial savi ngs in ma infra me costs that 
using the XT/370 can mean . If you pur­
chase the XT/3 70 in lieu of an I BM d is­
play terminal. you' ll save about 52000 . 
You ·11 rea lize an indirect savi ng by 
reducing the load or response time of 
the shared mainframe. This can. in turn. 
postpone mainframe upgrade expen­
ditures. The most impo rtant savings. 
and the most d ifficult to measure. are 

The Fifth Generation 

0 nee again. the Japanese are 
taking an American idea. modi­
fying it. and sell ing it back to 

us. In the past. it was TVs. stereos. and 
automobi les. Now. it is computer "gen­
erations:· 

Generations began simply enough. 
When transistor-based computers were 
Introduced in the late fift ies. a maior 
change took place. Suddenly. the old 
vacuum-tube machines were obsolete 
and a new era had dawned. The old ma­
chines became the first generation. and 
the new machines the second. 

In the mid-sixties transistors gave way 
to integrated circuits. and IBM's Sys­
tem/360 heralded tlie arrival of a third 
generation. The increased circuit integra­
tion of the IBM System/370 earned it the 
title of fourth generation. Since then. 
there's been chaos. No new technology 
has been anointed as the fifth generation. 

The family tree seemed so pat. A new 
generation was declared whenever circuit 
technology changed the nature of com­
puters. At each step. computers became 
more available and more important. Un­
fortunately. since the System/370. com­
puters have improved through evolution. 
not revolution. There have been no new 
generations ... or have there? 

The Japanese have been watching. They 
saw that no one had used the fifth­
generation label. They grabbed it and 
turned it to their own purposes. They 
would have us believe that fifth genera­
tion means artificial intelligence and talk­
ing computers and listening computers 
and fancy software and robots and . . . 

Enough! 
"Generations" refers to circuit tech­

nology. not applications. Sure. applica­
tions are important: sure. the lapanese 

By David L. Cohn 

pose a threat. Sure. we must reclaim our 
technology leadership. But let's start at 
the beginning: let's reclaim our ter­
minology leadership. 

lHE REAL FIFTH GENERATION 
The fifth generation means microproces­
sors! There. I said it. In the past. hardened 
computerists. those who dealt with main­
frames. would have laughed at such a 
statement. "A microprocessor isn't even a 
computer:· they would say. "Clearly. it can't 
be the next generation of computers." 

Although that might have been true of 
the 6502s and even the 8088s. it's no 
longer true. The IBM PC XT/370 is a real 
computer with a real operating system 
and rea l programs. It even offers virtual 
memory. 

Perhaps the greatest problem with 
declaring microprocessors as the fifth 
generation is that they. too. are based on 
integrated circuits. Consider this. how­
ever: the large-scale integration (LSI} cir­
cuits of the fourth generation evolved 
from the small-sca le integration circuits 
of the third generation. What mattered 
was that this evolution in component 
technology changed the nature of com­
puters. The same thing is true of the tran­
sit ion to microprocessors. Although they 
evolved from LSI technology. they have 
undeniably altered the concept of a 
computer. 

But why declare the Xl1370 the fifth 
generation of computers? Why not the 
PC? Or the Apple II? Or the Altair? 
Because the XT/370 brings the micropro­
cessor directly into the world of the big 
computer. It cannot be dismissed as a 
hobbyist's toy. With its System/3 70 in­
struct ion set. its powerful system software. 
and its high-speed communication. it can 

act as an integral part of a larger 
computer. 

lust as each of the first four generations 
marked a dist inct role for computers. so 
does the IBM PC XT/370. Soon these 
machines will be connected into networks 
of interoperating systems. In fact. one of 
the nicest features of the XT/3 70 is its 
high-speed communication with a host 
computer. When the host is running IBM's 
virtual machine (VMJ operating system. 
an XT/370 can access host files as if they 
were local. All of VM's file protection and 
mult iple-access features are stil l in place. 
but the processing is done in the small 
computer. 

If my argument has a weakness. it is 
that the IBM XT/370 is not really "a micro­
processor." In fact. it uses three micro­
processor chips and a fourth copro­
cessor. These function as two cooperat­
ing computers to form the full system. 

The fa miliar 8088 processor on the PC 
motherboard is rea lly a slave computer 
in the XT/370. It acts as an 110 Jinput/out­
put) processor to the XT/370 processor. 
The 8088 takes ca re of the keyboard. 
screen. disks. and communications hard­
ware. Most of these devices use standard 
PC-DOS routines to respond to XT/3 70 
processor requests. The major additions 
to the XT/370 include the new 32 77 
emulator board. which allows high-speed 
communication with an IBM host. 

The other two microprocessors and the 
coprocessor (an 8087 and two 68000s) 
form the XT/3 70 processor. The System/ 
370 instruction set is too complex to be 
control led by a single chip-that is. by a 
single chip using 1982 ci rcuit technology. 
(It takes a while to go from ch ip design 
to finished computer.) IBM decided to 
divide the instruction set into three pieces 
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in your own improved productivity. An 
XT/3 70 user can now compute at a pace 
independent of mainframe load and 
ava ilabi lity. 

A NEW D IRECTION 

As a personal computer. the XT/3 70 fits 
close to the top of the IBM PC line. Most 
of its memory is slower. its fixed d isk 
has less free space ava ilab le. and the 
loss of three board slots restricts the 
number of board-level products that 
you can add . 

Within the VM/CMS environment. the 

XT/370 can o nly benefit by its coexist­
ence with a personal computer operat­
ing system and from the thousands of 
available microcomputer software pack­
ages. Software innovation over the past 
five years has come for the most part 
from the microcomputer end of the in­
dustry. Mainframe software innovation 
suffers the inertia o f having to support 
older software and hardware technolo ­
gies even o n new hardware. For most 
mainframe users. however. the XT/370 
link-though it's designed to be used 
with a mainframe-is not general 

Table 3: Montfil\t cf1arges for licensed 
XT/3 70 softwarr . 

Monthly Charge 
370 Product per XT/370 
ASSEMBLER H $9 
BASIC $21 
COBOL (Compiler) $19 
COBOL (Debug) $21 
DCFISCRIPT $18 
FORTRAN (VS) $17 
PU! (Compiler and Library) $29 

and incorporate each piece on a separate 
chip The three sets include the popular 
nonmathematica l inst ructi ons. the 
popular mathematical instructions. and 
everythil'lg else. 

The first instruction set is on a modi­
fied 68000 chip. Its microcode has been 
altered so that it responds to System/370 
instructions rather than 68000 instruc­
tions. 

A modified Intel 8087 is used for the 
important mathematical instructions. The 
chip now does arithmetic according to 
the IBM standard rather than the IEEE 
standard. The differences are in the de­
tails. but the XT/3 70 will produce pre­
cisely the same numerical results as a 
large IBM mainframe. 

The lehovers in the third set are accom­
modated on a second 68000. This one 
uses standard 68000 instructions to do 
these odd jobs. It's a bit slow. but these 
instructions aren't used much. 

lHEORY AND PRACTICE 
Together. the three processors make up 
the central processing unit of a main­
frame System/370 computer. They can 
run almost all programs on an XT/370 
that can run on a mainframe 370. 

The maier limitation relates to memory 
addressing. Even though the memory 
shared by the XT/3 70 processor and the 
8088 contains 512 K bytes. the XT/3 70 can 
use 4 megabytes. If the XT/370 wants 
data not in the physica l memory. the 
8088 fetches it from a DOS file on the 
disk. In this way. the XT/370 processor 
can address up to 4 megabytes of "vi r­
tual memory:· However. a large 3 70 has 
l 6 megabytes of virtual memory. There­
fore. the unusual program that needs 
more than 4 megabytes won't run on an 

IBM PC XTi370. 
For an operating system. IBM has de­

veloped VMIPC (Virtual Machine/Per· 
sonal Computer). This popular software 
is really two pieces: VMICP (Control Pro­
gram! and VMICMS !Conversationa l 
Monitor System!. CP is the basic interface 
to the hardware and CMS is the user 
interface. 

For the IBM PC XT/370. portions of the 
control program run on the XT/3 70 pro­
cessor and portions on the 8088. This 
software was created especially for the 
XT/370. CMS is a direct descendant of the 
mainframe CMS. All other software 
comes straight from the big System/3 70s: 
the same compilers. the same editors. the 
same applications. 

On mainframe System/370s. it is pos­
sible to use environments other than 
CMS. In fact. some researchers even run 
UNIX. On the XT/370. IBM supports only 
CMS. However. provisions exist to create 
other environments. and someone may 
choose to create them. 

Thus. the IBM PC XT/370 is a true Sys­
tem/370. It marks the first time mainframe 
power can sit on a desktop. It certainly 
won't be the last. DEC is preparing a 
desktop VAX . IBM may use its XT/370 
chip set in other packages. It may even 
be possible to fit the entire System/370 
instruction set onto one chip using 1984 
technology. In any case. the IBM PC 
XT/3 70 is a definite step forward in com­
puter technology, the first of a new breed 
of computers-the Fifth Generation. 

David L. Conn is an associate professor of 
electrical engineering at tfie University of 
Noire Dame (Dept. of Electrical Engineer­
ing. UND. South Bend. IN 46556). 

enough to support thei r software. The 
IBM MVS and DOS users and peo ple 
who use incompatible ma inframe sys­
tems will have to wait fo r the next 
upgrade. 

The market wil l determine the value 
of the XTl3 70. Unfortunately. lhe large 
and growing number of IBM ma inframe 
VM/CM S sites has a relatively sma ll 
budget and attendant hardware. For 
IBM. the value. beyond revenue. of the 
XT/3 70 is its position as a desktop ver­
sion of a mainframe system. This pre­
sents d irect competition to desktop 370 
vendors such as Canaan Systems and 
Spartacus Computer and indirect com ­
petit ion to vendors of p lug-compatible 
mainframe and desktop-to-ma inframe 
systems alike. 

Viewed as the first in a series of desk­
top systems. the XT/3 70 is a qualified 
success. The hardware and software de­
sign teams at IBM deserve credit for fit­
ting all of the 31o·s features into the XT. 
Future advances and integrat ions might 
result in an even better computer. For 
example. IBM might add : 

• 	Speed-there's never enough 
• 	More RAM storage-at least I 

megabyte fo r VM/CMS: more fo r 
MVS 

•	 Greater and faster fixed-disk 
storage 

•	 Better 1/0 support-a 16- or 32-bit 
data bus 

• 	MVS operation-needs a "skinny" 
MVS 

• 	Auto no mo us operation-comes as 
a result of more sto rage above 

• 	Color d isplay support-3 270 PC 
and 3279 display 

• Networking support with integrated 
remote file management. • 
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NUMBER CRUNCHING 

ON IBM'S NEW 


IBM joins with MIT's National Magnet Lab 
to develop spectrometers for imaging systems 

BY DAVID J. STATES 

Photo I : IBM's scientific computers. tfie 59000 series. At rigfit is tfie 59001. at left is 
tfie 59002 . 

T
he National Magnet Lab NMR group. which builds 
and supports high-performance nuclear magnetic 
resonance (NMR) spectrometers for research use. 
has recently collaborated with IBM in the 

development of NMR imaging systems. In the past. the lab 
has used minicomputers such as the PDP 11 /34 to contro l 
spectrometers. but for this project we elected to use the IBM 
S9000. Whi le the 59000 is a desktop computer. it is based 
on the Motorola 68000 processor and has considerable pro­
cessing power. This was enhanced by the SKY MNK-V array 
processor from SKY Computers (figure I). The 24-bit address 
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space of the 68000 and the 59000's abi lity to support large 
amounts of RAM (we use as much as 2 megabytes in some 
machines) make the 59000 suitable for runni ng the large 
control and analysis programs used in NMR spectroscopy 
and imaging. 

Figure 2 is a block diagram of the electronics in our imaging 
spectrometer. NMR signals are generated by exci t ing a 
sample in a high magnetic field with RF (radio frequency) 
pulses from the transmitter. These signals are amplified in 
the receiver. digitized. and averaged . NMR imaging uses 
magnetic-field gradients to label nuclei spatially. In modern 
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Figure I: The architecture of the S9000 computer system used i11 the 
MIT NMR project . The 68000 CPU and SKY MNK-V array processor 
snare access to memory over the VERSAbus. You can use as rm1ch as 
2 megabytes of memory in imaging applications. 

NMR spectroscopy. experimental control and data processing 
are performed digitally. Our design emphasizes modu larity 
and standard interfaces so we can customize the spectro­
meter by swapping modules. The use of multiple independent 
processors simplifies design and eliminates bus contention 
problems. 

NMR includes two important time scales. The first is the 
time sca le of nuclear spin motion in the magnetic field. 
typically involving fractions of microseconds. The RF ha rd­
ware and custom-built pulse programmer in the spectrometer 
deal with these extremely rapid events. The second time scale 
deals with repetitive-signal averaging and the user interface. 
events that take about a second. This regime is coord inated 
by the host computer. 

Our control program is based on a powerful command 
parser. Making all aspects of spectrometer control accessi­
ble through the command language gives us versatility. and 
a sophisticated set of control-flow operations in the command 
language let us program and execute complex experimental 
protocols easily. The command interpreter allows us to define 
symbols and macros of commands. Loops. branches. and 
conditional branching are supported within macros. and 
macro calls can be deeply and recursively nested. 

In a typical experiment. the pulse programmer is triggered. 
the signal average records from 1000 to 16.000 data points. 
and a subset of this data is sent back to the host to be dis­
played. When signal averaging is complete. the entire data 
set is sent to the host. stored on disk. and manipulated in 
a variety of ways such as scaling. baseline correction. Fourier 
transformation. data smoothing. and application of resolu-
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Figure 2: The electro11ics of astateof the art NM R imaging spectrometer. 
Nuclear spins in the sample probeare excited by RF pulses from the tra11s­
mitter. and their response is recorded by the receiver and signal averager. 

tion enhancements. 
Because some experiments run for hours. we needed the 

abil ity to perform simul taneous data acquisition and ;:inalysis. 
Th is is achieved through multitasking. One task runs the com­
mand interpreter and interacts with the user. while a second 
monitors the actual hardware. 

The hardware-control task is responsible for real-time 
chores such as pol ling devices and fetching data during free 
periods of the signal-averagi ng cycle. Since these free periods 
might be as short as 100 milliseconds (ms) and as much as 
8K bytes might have to be fetched. a reasonably fast transfer 
is necessary. The IEEE-488 general-purpose instrumentation 
bus (GPIB) from National Instruments serves this purpose and 
is supported by a fast direct memory access (DMA) port on 
the S9000. The CSOS operating system provides asynchro­
nous 1/0 (input/output) and intertask signaling capabilities 
necessary to coordinate the activ ities of the main command 
interpreter and the subordinate hardware-control tasks. 

Our spectrometer control program. RNMR. was developed 
by Dr. David Ruben at the National Magnet Lab (NM L) and 
consists of approximately 20.000 lines of FORTRAN code and 
an additional 2000 lines of assembly-language support 

!continued) 

David J. States. M.D.. Ph.D.. wrote this article while he was doing 
research at the Francis Bitter National Magnet wboratory at MIT. IBM 
was collaborating with the laboratory in imaging medical applications. 

States has begun. his internship at the University of California. San 
Diego. Medical Center (22 5 Dickinson Rd.. San Diego. CA 92110). 
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Scientific Computing: The Shortcomings of the Micro 


The university computing centers 
of the sixties provided a haven for 
the growth and development of 

computing technology. primarily applied 
to scientific number crunching. Similar­
ly. the minicomputers of the seventies 
were developed and applied with great 
success in scientific work. Microcom­
puters with significant computational 
power have recently appeared. and they 
are becoming increasingly attractive as 
scientific processors. The desktop IBM 
S9000 and SKY array processor used in 
this project perform the computations we 
need in our work at a real rate of better 
than 2 microseconds per floating-point 
operation. lb appreciate how impressive 
this is. remember that the ENIAC. that 
room-sized behemoth that gave birth to 
electronic computing, required 200 mill i­
seconds to do the same operations. In 
an hour of processing. the S9000/SKY 
system will do more computation than 
the ENIAC did in its entire lifetime! Raw 
arithmetic benchmark speed is not the 
only requirement of a scientific computer. 
however. 

Scientific work usually involves work 
with floating-point numbers. big pro­
grams written in FORTRAN. and the man­
ipulation of substantial data sets. Program 
development is often a major part of the 
task. Where are micros weak? First. there 
have been problems with support docu­
mentation. and access to experienced 
users. Microcomputer compi lers have 
also not been up to snuff. and FORTRAN 
is probably the worst offender. If program 
development is your work. compilation 
speed and reliability is essential. Micro 
compilers and linkers operating off flop­
py disks are just not fast enough. Com­
puting speed has also been an issue. 
Floating-point arithmetic has. in the past 
been too slow on micros to be useful. The 
storage capacity of floppy disks has also 
been insufficient for reasonable-s ized 
programs (or even source listings). And 
then there are bugs. 

What is the cost of a bug? With a major 
demonstration and site visit coming up 
on December 4. I came into the lab on 
December I and found my computer 
hung up. I tried rebooting. but that didn't 
work. I tried going back to backup copies 
of the software. That didn't work. I figured 
that maybe my machine was flaking out 
so I tried running the program on two 
others. Still no dice. Panic! Why does my 
program load. begin execution. and then 
just hang up? About 3 a.m. on December 
2. I finally found the answer. It was not 
my program after all. There was a small 

error in the system relative time clock that 
caused it to return a year and I 00 milli­
seconds when you asked for a I 00-milli­
second delay during the month of 
December. With the last month of the 
year. the carry got screwed up. Logical. 
right? No problem. By 3:30 a.m. I had 
everything converted over to absolute 
times and running perfectly. Of course. 
my hairline had receded a quarter inch. 
and I had barely spoken to my wife for 
two days. 

A scientific computer cannot tolerate 
bugs. 1b date. micros have accepted far 
too many. In this regard. the big com­
panies have a tremendous advantage and 
responsibility. I was disappointed with the 
extent to which even IBM was willing to 
cut corners on reliability and documen­
tation in the early stages of the S9000 
project. Perhaps it is unfair to compare 
a brand-new little machine with the 
mature VAX system. but the VAX is the 
current standard. and it has very few 
bugs. 

COMPILER AND DATA 
STORAGE 

Most scientific computing is performed 
with floating-point numbers. These num­
bers exploit our usual concern with 
relative rather than absolute precision. 
and they allow for a wide range of ab­
solute va.lues in the rea l world. In floating­
point format numbers are represented 
as the product of a power of two and a 
fraction. The exponent is used to obtain 
the range. whi le the fraction provides 
re lative accuracy. For example. the num­
ber 12.0 is 1. 5000 ti mes two to the third 
power. In IEEE standard floating-point 
format this would be coded as follows: 

Sign Exponent Fraction 
bit 31 30-23 22-0 

12.0 = 0 10000010 (1)100Q000000000000 
+ (3 + 127 ) (1.5) 

where the exponent is shifted by 127 so 
that both large and small numbers may 
be represented, and the leading I in the 
fraction is implicit. 

1b add a pa ir of numbers. each must 
be separated into its exponent and frac­
tion. the exponents must be compared. 
and one fraction must be shifted relative 
to the other so that they are aligned (in 
effect. multiplication by powers of two) . 
Then the fractions can be added. and a 
new exponent must be calculated. Final- ­
ly. the sum and exponent must be recom­
bined to return the resu lt as a new 
floating-point number. Microcomputers 

usua lly perform floating-point arithmetic 
slowly because they must perform the bit 
manipulations in software. ~rger com­
puters do this in dedicated hardware. 
with a great improvement in speed. 

COMPILERS 
Scientific programming necessarily in­
volves the use of compiled code to 
achieve adequate speed. With large pro­
grams. there is also a premium placed on 
the speed and reliability of the compila­
tion. Micro compilers usually fail in two 
respects-they are s!Gw. and they are 
buggy. They are slow because micros do 
not always have that much central-pro­
cessor power and because most micros 
operate off floppy disks. Reading and 
writing work files on a floppy disk slows 
the whole process down to the lackadaisi­
cal speed of floppy-disk 1/0. Also. interac­
tive work on a timeshared system may 
not accumulate much total central-pro­
cessor time. but what is used will be 
clustered into bursts of compilations and 
links. A micro capable of providing the 
same average computational rate will not 
compete in real response time. Hard 
disks and a 68000 processor go a long 
way toward overcoming these speed 
problems. 

DATA STORAGE 

Scientific computing often requires 
more storage capacity at greater speeds 
than micros have been able to provide. 
For data. the requirements are obvious. 
and most workers are quite aware of how 
much storage space they will need. Pro­
gram development also requires storage 
space. but this requirement is often over­
looked. For example. 10.000 lines of 
source code (a moderate-sized project) 
might contain 100.000 characters. Com­
pi ling It will generate object and/or listing 
files of comparable size. Allowing for a 
couple of backup copies. library files. 
sources for library files. the compiler. and 
the linker. the capacity of most floppy 
disks is rapidly exceeded. 110 to floppy 
disks is also slow. The one- and two­
second delays every time you need a new 
piece of data off the floppy disk add up 
and take their toll in aggravation and lost 
productivity. 

We overcame these problems by con­
figuring our program-development sta­
tions with JO-megabyte hard disks. These 
give adequate storage space and cut ac­
cess times dramatically. The hard disks 
allow you to scan through files about as 
fast as a video screen can display the 
data. 
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Figure 3: The raster graphics display of the S9000. You can draw 
data very rapidly by writing directly to the RAM. which is mapped 
bit by bil to the screen pixels. 

Photo 2: The SKY MNK-V array processor performs floating-point 
operations at high speeds. 

routines. In the course of my work. the program was adapted 
to the S9000. On the S9000. Pascal routines can be substi­
tuted for much of the assembly code. a tribute to the value 
of mixed-language environments. The massive amount of 
directly addressable RAM (random-access read/write 
memory) on the S9000 greatly simplifies other aspects of pro­
gramming and offers flexibility not avai lable on the PDP- I I. 

The PDP-I I restricts processes to 32K bytes of address 
space. Since this is insufficient even for a single data set (8K 
points x 8 bytes/point = > 64K bytes). the PDP-I I versions 
of RNMR were heavily overlaid and included an internal vir­
tua l-memory subsystem. None of this was necessary on the 
S9000. In fact. 1/0 optimization was largely irrelevant because 
most data could be maintained in core throughout execu­
tion. Because little disk 110 is necessary and we use an array 
processor for most data manipu lation. the response time is 
much faster on the S9000 than it is on any of the PDP-I I 
systems or our VAX 111730. 

The bit-mapped graphics display of the S9000 (figure 3) 
has proved its value in our application . This is the one place 
where a significant amount of assembly-language code was 
written (a package developed in collaboration with Richard 

Mushlin and Jim Cooper at IBM Instruments). By addressing 
the screen RAM directly and using address-register manipula­
tions. we are able to scale and display a data set with full­
screen resolution (768 by 480 points) in less than 200 ms. 
For interactive tuning of the spectrometers. such speed is 
critical. On the PDP-I I and VAX systems. the graphics display 
must be addressed over an external port. and a display 
update takes one to two seconds. 

THE SKY MNK-V 
ARRAY PROCESSOR 

To achieve the processing power we needed for interac­
tive data analysis. we included the SKY MNK-V array proces­
sor from SKY Computers in our S9000s (see photo 2). NMR 
is nearly an ideal application for array processing because 
most of our computations involve manipulations on large 
linear arrays of data. The SKY product is a pipelined floating­
point processor. which can increase the speed of floating­
point arithmetic on the S9000 by a factor of more than 100. 
Physically. it is a single PC board that plugs into the VERSA­
bus. and it operates as an intelligent 1/0 device. Rather than 
dedicating RAM to the array processor. the SKY board shares 
memory with the host 68000. performing DMA transfers to 
get data as needed. This architecture meshes well with the 
S9000 and its very large RAM. It also simplifies and reduces 
the cost of the array processor. 

SKY provides a library of vector-manipulation routines. in­
clud ing integer-to-floating conversions. vector-vector and 
vector-~calar arithmetic. matrix-manipulation primitives. FFTu 
(fast Fourier transforms). convolutions. and polynomial evalu­
ation. The company also offers an extended library wi th vec­
tor trig functions. exponentials. sq uare roots. and more 
matrix-manipulation tools. 

Accessing the array processor efficiently is easy if you want 
to perform functions provided in SKY's library. For example. 
a Fourier transform (FT) is a common mathematical trans­
formation used in signal processing and image analysis. In 
simple terms. it converts from waves in a time series to fre­
quencies in a spectrum. The FORTRAN code necessary to 
perform an FT with the SKY array processor is as follows: 

CALL VFFT(vec_in.incr_in.vec_out.incr_out.len) 
CALL VWAIT 

where vec_in is the input data. incr_in is the increment be­
tween data points in the input vector. vec_out and incr_out 
specify the output vector. and len gives the number points. 

The increment specifications are a rather clever feature 
allowing you to access a matrix of data in either rows or col­
umns without transposing it. For imaging and other multi ­
dimensional applications. this can save a lot of unnecessary 
data shuffling. The VWAIT call tells the host to wait for the 
array processor to finish before proceeding. The array pro­
cessor is able to act on its own through the Fi. but. of course. 
the resu lts will not be valid until it is done. Since the FT might 
take a few milliseconds. you might want to do some other 
work wi th the host while waiting. In that case. you can delay 
the VWA IT call. 

Does the SKY board give us much processing power? You 
(continued) 
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Note that even in the most efficient algorithm. the speed of 
the calculation is determined by the 1/0 delays. not the speed 
of the floating-poin t operations. Array-processor performance 
figures quoted in millions of floating-poinl operations per sec­
ond (MFLOPsJ ignore this fact and might be quite misleading. 

Unfortunately. to use the scratch pad you have to delve 
in to SKY's "Advanced Programming" routines and worry 
about a lot of details the standard library takes ca re of for 
you. It is analogous to assembly language versus FORTRAN. 
Chances are you will not have to worry about this. though. 
as the second algori thm will ru n a length 100 real vector 
through a 100-by-IOO matrix in about a tenth o f a second. 

You must compromise when using an array processor. Array 
processors work well wi th computations that involve linear 
access to arrays of data. but they will not help with sorts. 
parsing. or algori thms with complex con trol branching. The 
SKY array processor. like most low- to moderate-cost units. 
works only on single-precision floating-point numbers. If you 
need double precision. you are out of luck Similarly. the SKY 
board will do fast integer-to-floating conversions. but if you 
want the calculation done in integer format. it will not help 
you. (Of course. the 68000 is pretty fast by itself for integer 
work.) The SKY libraries offer a good set of basic operations. 
but functions not supported by the library require more work. 

The S9000 is not the only computer SKY supports. SKY 
array processors are available for the Multibus and DEC's 
0-bus. as well as the VERSA bus. all for about $6000. Jn addi­
tion. they have a slower. less expensive floating-point pro­
cessor that supports double-precision arithmetic. SKY has 
subroutine libraries that operate under many different 
operating systems. including several flavors of UNIX. 

PROGRAM DEVELOPMENT 

Bringing up 20.000 lines of code on a new machine is no 
small task. and programs will con tinue to evolve once they 
are ru nning. The capabi lities of the 59000 as a program­
development station are. therefore. almost as relevant to the 
project as its ability to run the program in the first place. 

CSOS is the operating system IBM suppl ies with the 59000. 
While IBM does offer XENIX la Microsoft UNIX derivative). 
CSOS remains the focus of most of its development work. 
CSOS is not a fin ished product. yet it comes to market at 
a time of great opportunity. CP/M and MS-DOS clearly do 
not explo it all the power avai lable in a processor like the 
68000. Nor is UN IX the be-all and end-all of operating sys­

1co11li1wed) 

Table I: Basic steps and limes for optimizing an array. 
Operation Time · 

Send commands asynchronously 290 µsec 
\Yalt lor completion 23 S µsec 
Tell the SKY board to repeat the last command 20 µsec 
Move a word of data Ion or off the SKY board! I µsec 
Floating·point divide of on-board data 7 µsec 
Add. multiply. or compare on·board data 0 µSec I 
"Times were calculated by performing the relevant operation 1000 times 

on a length 1000 vector and dividing the number ol seconds needed to 

perform the task by one million. Command-processing times were ob­

tained by extrapolating to zero-length vectors. 

!These operations are pipelined and are faster than data movement. 


bet. A 1024-poin t complex FFT takes only 82 ms. includ ing 
a bit reversal and swap needed to set up the data for the 
FFT (both are in the SKY library). The same FFT on a VAX 
11 1780 with DEC's FP accelerator takes 230 ms (FFTCC from 
the IMSL subroutine library) . We could do better by coding 
the FFT in assembly language. but the advantage of the VAX 
is supposed to be ease of programming. 

Opt imizing use of an array processor is not the same as 
optimizing your typical compu ta tion. To get some fee ling for 
why. let's examine the processing times required (table I). 

The SKY board achieves its· speed by pipeli ning. In other 
words. the different parts of several floating-point calcula­
tions are overlapped in dedicated hardware instead of waiting 
for each operation to complete sequentia lly. This makes 
arithmetic processing of numbers faster than the rate at wh ich 
data can be moved in or out of the SKY board. To speed 
up processing. a second level of pipel ining is used in 1/0 
operations. Data movement on and off the array processors 
is handled by DMA con trollers. which operate independent­
ly of the arithmetic processor. The slowest step is actually 
keeping everything coordinated. 

To optimize performance. the name of the game is to max­
imize the computation done per instruction by using long 
vectors of data. You also want to get as much done between 
the times you must stop and wait for completion. Resyn­
chronization waits must be introduced any time you need 
to use the result of an array-processor calculation in the host. 
A third goal is to minimize the amount of 1/0 needed to com­
plete a given calculation. Ari thmetic on complex numbers 
is thus comparatively cheap (twice the time of a real opera­
tion rather than the usual factor of about six ). 

Using the on-board scratch-pad memory can also decrease 
1/0 delays. To see how this is done. consider a simple prob­
lem- multiplying a vector by a matrix. The crudest algorithm 
would be to follow a typical pencil and paper approach 

For i = I to n_rows 
Vector_mul ti ply ( Row_i • Vec_in = > Temp) 
Vec_ ou t( i) = Sum_ of_ elements ( Temp J 

End loop 

where the matrix is represented by a series of row vectors 
Row_ I to Row_ n. Vec_in is the input vector. and Vec_out 
is the resu lt. The crude algorithm would require four vector 
moves and two instruction packets per row. You can double 
the speed by using the dot-product routine that SKY provides 
to combine the two operations. 

For i = I to n_ rows 

Vec_ out(i) = Dot ( Row_i, Vec_in ) 


End loop 


This still requires moving two vectors per row into the SKY 
board. You can gain another factor of two by using the scratch 
pad. 

Move ( Vec_in = > scratch_pad ) 

For i = I to n_rows 


Vec_out( i) = Dot ( Row_ i. scra tch_pad ) 

End loop 
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Optional Power Supply 

SYSTEM BEQUIBEllENTSa Any IBM PC 
with 64k RAM. PC DOS version 2.0 or 2.1, 
Compatible owners call for appllcaUon 
information. 

QublePClOwllh lOMevabyte ldlr 
"vhual ahell" aoftwue, lmlallalloa 

hardware, and lmtrucdom. 
I year warr-ty. 1888 

Quble QS10 Opllonal Bard Diak Power 
Supply tor u"n with hally loaded PC'a. 

lmtrucllom. 1 year warr-ty, 188 

BBBZL Balf·Belghl benl tor drive, 111 

Circle 151 on Inquiry card. 

DEALEB DD QUllTITY PUICBASEIS 
lNQUJBIES IMYITED 

----------­

When you're last 
to the party, 
vou baller bring 

rhe great price is just the beginning. 
rou see. the reason we're late is we look 
1 little more time getting ready. For two 
rears we have searched for the right 
:omponenls al the right price. Anybody 
:an buy controllers and drives. make 
ap a name. and presto. they are in the 
iard disk business. In fact, some of the 
>iggesl names in the industry have 
lone just that. To do it right. takes much 
nore than just bundling the nearest 
:omponents. 

Anybody Want a V-8? 
l\ddlng a hard disk to an lBM PC can be 
rery much like stuffing a V·B engine in 
lhe back seal of your VW bug. There is 
:oom to put ii there, and you will have 
>ne fast beetle - but you create a 
ivhole new set of problems. Like 
~xcessive power drain. IBM didn't plan 
lor a hard disk in your PC. so they put 
In a meager 63.S wait power supply 
XT's have 13D wall power supplies). 
Most of the hard disks out there need so 
much power lo run them that you can 
barely add any expansion boards and 
;till have enough power to operate 
with. And all that power results in 
excess internal heat - reducing the life 
Jf electronic components. 

Cool & In Control 
Qubie' has attacked the power/ heat 
problem with a slate of the art control­
ler and drive that draw less power than 
cmy on the market today. Start with our 
: ontroller. lt uses LSI (Large Scale 
Integration) technology to lower the 
number of components on the board 
and provides significantly faster 
performance. Fewer components 
require less power. Less power means 
less heat. More power left for other 
expansion boards. and lower operating 
temperatures inside your PC. Our 
half.height drive draws the same 
amount of power as a /loppy disk. and 
is the lowest power consuming drive on 
the market today. 

Portable Plus 
We selected a half·height drive that can 
be used in an IBM PC. Compaq, or a PC 
portable. In fact we use the same drive 
a nd controller used in the Compaq Plus 
computer. The drive's specially plated 
media allows ii to stand up to the rigors 

I dir Directory System lncladed 

Bard 
1ometblng special. Like a 10 Megabyte Winchester for 1888. 

of the real world. It can even operate al 
a .ny angle. No need to treat your PC or 
Compaq like a piece of antique china 
just because you have added a hard 
disk. And no need to spend hundreds 
more when you can get the same 
components at a Qubie price. 

Complete Package 
Included in the package is everything 
you need to install ii yourself. 1DMb 
winchester drive. controller. cables. 
mounting hardware. and step by step 
instructions to explain the installation. 
We also include the popular ldir 
"visual shell" software. It will allow you 
to take full advantage of the many 
features of DOS 2.D or 2.1 without 
having to invest the time to figure out 
the ma.nuals. 

Need More Power? 
If you have some power hungry 
expansion boards already in your PC. 
you may need more power in order lo 
add a hard disk system. If so. no 
problem. For S88 we have an auxiliary 
power supply which plugs onto the 
back of your PC and provides all the 
power needed to run your hard disk 
drive. This is a IBM PC only problem as 
all the popular compatibles have 
substantially bigger power supplies 
than does the IBM PC. 

Why Buy From Us 
Because besides having the best hard 
disk system on the market. we stand 
behind ii and you. You gel direct 
technical support after the sale. JI at 
any time du.ring the one year warranty 
perfod your system should require 
service, we will /ix it or replace it 
within 48 hours. Notice there are no 
hidden charges in our price. No extra 
for freight , credit cards. COD fees. or 
insurance. If you still are not convinced, 
and are ready to buy another brand of 
hard disk. ask them if they will lake our 
acid test. 

The Acid Test 
Qubie' gives you a 3D day satisfaction 
guarantee on our hard disk system. If 
for any reason you are not satisfied 
with your purchase. you may return ii 
for a complete refund including the 
postage to return it. If you can. get any 
of our competitors to give you the same 
guarantee. Buy both and return the one 
you don't like. We know which one you 
will keep. 

Order Today, Shipped Tomonow! 
Price includes UPS surface freight and 
insurance. Add SS.DD for two day air 
service. For fastest delivery send certi­
fied check or credit card. Personal 
checks take 18 days to clear. Calif. 
residents add 6% sales tax. Corpora­
tions and Institutions call for purchase 
order details. 

(800) 821-4479 
Toll Free Outside California 

(805) 987-9741 
Inside California 

QUBIE' 
4809 Calle Alto 
Camarillo, CA 93010 

Tempo House, 15 Falcon Road. 
London SWl 1 2PH. United Kingdom 
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terns. UNIX is full of bizarre and obscure abbreviations. its 
file system is not particularly robust. the framework of inter­
task communicatio ns is limited. it has no asynchronous 110 
facilities. and it is unable to service many rea l-time applica­
tions. CSOS needs some work . but it might be a better alter­
native to these systems. 

CSOS includes a solid basic environment for multitask pro­
gramming. It supports assigned priorities. interrupts. and 
asynchronous event handling. and it provides useful timer 
and semaphore managers for synchronization and commu­
nication tasks. Asynchronous 1/0 is fully supported and func­
tional to the disks. terminal ports. and GPIB port. Device 
drivers follow a uniform forma t. making device-independent 
code easy to write. 

The major limitation of CSOS is its lack of a dynamic loader. 
which is related to the S9000"s lack of memory-management 
hardware. The lack of a dynamic loader is critical because 
it prevents you from running multiple copies of the same 
image simultaneously. In particular. you cannot run a second 
copy of the command interpreter to do multiuser or batch­
mode processing. despite the S9000's ability to support two 
or three interactive users or batch-mode processing while 
a user is editing. 

The user interface in CSOS also needs work. All commands 
must be uppercase. and abbreviations are not allowed. It has 
no facilities for defining command symbols or for redirect­
ing input or output streams. Logical name handling is static 
and limited to disk devices. Although it does have a minimal 
shell script facility. it will only execute a list of commands 
in strict sequence. It contains no branching. loops. or error 
status. and calling one shell script from another is il legal. At 
least it will process command arguments and substitute them 
in the shell script as directed. Many of the utilities are not 
set up to execute directly from a command line. Instead of 
parsing the command line for options and swi tches. they 
prompt you for the information. Hence. they cannot be in­
corporated into automated shell scripts. 

It is not fair to compare the 59000 to the VAX . but I am 
going to do it anyway. All of the features mentioned above 
are available in VAX/VMS. and they are useful. The IBM 
people tell me that these are all cosmetic. and in a dedicated 
application. your program will replace CSOS as the real user 
interface. Cosmetic or not. it's nice to work in the VAX/VMS 
environment. 

The CSOS file system is another weak spot. CSOS has all 
the tools to create a hierarchical directory structure (as in 
UN IX or VMS). but IBM has not done it. On a floppy disk. 
having all your files in a single directory is not too much of 
a bother. but this is not acceptable with a JO-megabyte hard 
disk. The IBM directory utility does not help matters. It dumps 
the file names in random order on the screen and does not 
even bother to compress blanks between the file name and 
the extension. Alphabetic listings are provided as an option. 
but they are abysmally slow. I ended up writing my own direc­
tory utility because I got tired of waiting for IBM's. 

The CSOS intertask communication channels are not very 
helpful because they do not support asynchronous 1/0. Since 
asynchronous operation is the basic reason for undertaking 
multitask program development. this is a fairly significant 
limitation. You can use semaphores to coordinate asynchro­

224 • BYTE Guide to the IBM PC • Fall 1984 

nous message exchange through sha red memory. which is 
a good alternative to the CS05 intertask channels. No default 
memory protections are applied. so all of the RAM is. in 
effect. global-shared memory. Memory protection is avai lable. 
but it is undocumented at present. 

If cost is a consideration. CSOS will run on a bare-bones 
S9000 (central-processor board alo ne with no peripherals). 
In contrast. the XEN IX operating system requires hard disks. 
a memory-management unit. and additional RAM . 

In summary. CSOS provides the basic tools expected of 
a real-time multitask operating system and has performed 
solidly for us. In the final ana lysis. I am able to do things in 
CSOS that would be impossible under UN IX or many other 
opera ting systems. CS05 is not yet a finished product. and 
future releases of the user interface wil l probably be much 
better. (The current version I. I is worlds better than the I O 
re lease.) 

Docu M ENTATION 

Software is only as good as its documentation. The documen­
tation that came with our first 59000 was poor. especially 
coming from a company like IBM. In version I.I of the oper­
ating system. IBM has gone a long way toward repairing its 
most glaring faults. The language reference manuals are 
reasonable. although they are not exceptional in clarity or 
scope. The basic installation guide. operator's manual. and 
diagnostics are clear and complete. The organization of the 
manuals could use some work. For example. most error codes 
are documented in one appendix . while others are scattered 
through the manuals. Since you may not know precisely which 
utility generated an error code. finding its description can 
be difficult. 

IBM includes step-by-step instructions on how to rip the 
guts out of your 59000 and put it all back together again. 
which is important because we have handled most of our 
servicing by shipping boards back and forth to IBM's Instru­
ment Service Center in Danbu ry. Connecticut. 

The interna ls and hardware documentation were non­
existent at the outset. but that seems to be changing. I don't 
know why IBM people are so secretive about the workings 
of their computers. Even prying loose a list of 110 addresses 
was painful. (IBM now includes it in the documentation.) The 
S9000 is called "a laboratory computer." In a laboratory set­
ting, you must frequently interface weird things to the com­
puter. Without documentation. there is no way to do this. 
Scientists are also a curious bunch. and many of us just want 
to know what is going on inside our boxes. As a collaborative 
research site. we normally have access to internals documen­
tation that is not available to the average customer. In IBM's 
case. schematics are never available. 

EDITORS 

IBM supplies two editors for the 59000. The first. ED. comes 
with CSOS and was written by the 59000 group. They should 
not have bothered. The keyboard layout is illogica l. the com­
mand set is primitive. and there are no macro or key-redef­
inition faci lities with which to expand it. In a candid moment. 
even the IBM staffers will admit that ED is painful to use. 

The second editor. PE. is the IBM PC Personal Editor ported 
1co11 tim1ed) 
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to the S9000. It offers a more varied command set and the 
abi li ty to edit multiple files simul taneously. Most important. 
it has user-definable initialization and key-definition facilities. 
which allow you to create macros. associate them with key­
strokes. set tabs and margins. and so forth . The initialization 
fi le supplied by IBM is limited and for some unknown reason . 
tries to make PE look like ED. 

With a litt le work. you can create a respectable editor with 
a rich command set. help facil ities. and just about any other 
features you might want. My version of the ed itor defines 

Photo 3: A closer look at tfte keyboard for tf1e S9000. 

keystroke-motion. text-movement. and text-deletion com­
mands. which operate by character. word. or line. In a couple 
of keystrokes. I can move blocks of text and do text justifica­
tion. I bu il t in several customized program-development 
modes for each of the languages to do automatic indenting 
and setup of skeleton comment blocks. 

THE CSOS COMPILERS 

The high-level languages of the S9000 are one of its strong 
points. IBM offers Pascal. C. and FORTRAN as a package of 

Integrating the S900C 

W ith four operational NMR 
spectrometers and three 
more in various stages of con­

struction. the National Magnet Lab sup­
ports a reasonable-sized labwide com­
puting facility . We have a VAX. two 
PDP-I Is. and four S9000s. To optimize 
utilization of resources . we have 
developed a data-communication net­
work tying these processors together. In 
this way. a single tape drive. a line 
printer. an electrostatic printer/plotter. 
and the big disk on the VAX are made 
available to all users. and data may be 
processed on an available processor 
while another is running a spectrometer. 

This is not your average office-mail net­
work. Mail messages and text files are 
typically a few hundred to a thousand 
bytes of data. We deal with 50K-byte to 

1' 

10-megabyte data sets. and we would like 
to pass them around as quickly as possi­
ble. We implemented our data network 
on the IEEE-488 GPIB bus and achieve 
high data-transmission rates (200K bytes 
per second disk to disk) without sacrific­
ing standardization: 

Because we have seven computers 
from two manufacturers and run four 
operating systems (VAX/VMS. RSX-I I. 
CSOS. and XEN IX). you might wonder 
how we ever got our software running. 
This is a significant question. 1/0 inter­
faces are different for each of these 
operating systems. and even the disk file 
formats vary. RSX-I I (the DEC PDP- I I 
operating system) uses fixed- length 
records or variable-length records with 
fixed headers. CSOS and XENIX use 
fixed-record data files or stream text files 
with records delimited by carriage return 
characters. The VAX uses all sorts of 
formats. 

First. we decided that we did not need 
Photo 4: A rear view of the interface for t(1e S9000. to couple the network tightly into the 

various operating systems. We needed 
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mutually supported languages. You can write routines in any 
language and call them from almost any other. They all use 
the same code generator. and they share a common object 
file format. object librarian. and linker. BASIC is supported 
on the 59000 (see BYTE. February 1984). but it is not com­
patible with the other languages. IBM has committed itself 
to supporting the CSOS compilers on its XENIX systems. so 
code should be freely transportable. 

The ability to mix languages is extremely valuable because. 
like it or not. no perfect programming language exists. Pascal 
might be great at providing a clean control flow. but doing 

arithmetic on complex numbers can get a bit cumbersome. 
and 1/0 is limited. FORTRAN is good at coding math and has 
a rich 1/0 library. but whoever wrote FORTRAN specifications 
forgot about pointers and data structures. 

Pascal is the " native" language of the 59000. Its compiler 
is the fastest. and it produces the most compact code. Much 
of the system software is written in Pascal. The 59000 Pascal 
is a variant of UCSD Pascal with nice UNIT and INTERFACE 
features built in. String handling is also done well. Although 
I was born and bred a FORTRAN programmer (real program­

(conrinued) 

into a Laboratory Computing System 


high data-transmission rates. but making 
the link transparent to the user was not 
really a requirement. Therefore. we de­
cided to deal with the links as file servers. 
We also simplified the control structure 
by using the VAX as the central node of 
a star architecture. Our application rare­
ly requires communication between pe­
ripheral nodes. but when it is necessary. 
it can be routed through the VAX. 

We also attempted to keep program­
ming modular. A file server sends raw 
data. It does not worry about what for­
mat the data is in or how such formats 
might be transformed. The network oper­
ates independently of file formats. and 
no special provisions are necessary to 
transmit text versus binary data. Another 
reason for this setup is speed. Disk 1/0 
is done with block l/O and the network 
transmits data about as fast as any of the 
disks are able to deliver it We do not 
have time to mess around with reformat­
ting. 

At each node on the network. a small 
program monitors the network and de­
livers file data as requested. These pro­
grams must respond to only four basic 
command packets-open a file. close a 
file. read data. and write data- so they 
are fairly straightforward. The major com­
plications involve error handling. 1b func­
tion reliably. the network must withstand 
a variety of insults. including system 
crashes at the individual nodes and time­
outs that occur when the low-priority bus 
monitor gets locked out by a higher­
priority job. The network monitors must 
also recover gracefully from requests to 
access nonexistent or inaccessible files 
and from file read/write errors. Debug­
ging the attachment of a new node 
monitor is much easier if the network is 
resistant to internal protocol errors. We 
elected to enforce a strict handshaking 
protocol in which every command packet 

generates a return status packet. In this 
way. both parties involved in an errant 
transaction will be signaled to take cor­
rective action. 

Most of the file reformatting is handled 
on the VAX. Since the RSX-I I file system 
is a subset of the VAX"s. all PDP-I I files 
can be sent directly to the VAX without 
modification. With its variety of formats. 
the VAX 1/0 services are able to read and 
reformat most of the CSOS and XENIX 
files. 

Data-format conversions remain a prob­
lem. The two largest computer compa­
nies on earth cannot agree on how to rep­
resent an integer in binary format. Digital 
Equipment Corp. (DEC) counts bytes 
from right to left. while IBM counts them 
from left to right. Floating-point numbers 
are even worse. The S9000 uses the IEEE 
standard format. On paper. DEC's form 
looks pretty close. but then the bytes are 
reordered. and there is an offset differ­
ence in the exponent. Operating on raw 
binary data. there is no general way to 
determine what reformatting must be 
done because you do not know what 
type of data you have. There are two solu­
tions to the data-reformatting problem. 
The first is to transmit ASCII data (at least 
the S9000 and DEC agree on that). The 
second option is to write custom data­
uansformation routines that operate on 
specific binary data fi les and know about 
their internal structure. The latter ap­
proach is inconvenient but necessary 
when speed is a consideration . 

We implemented our network on Na­
tional Instruments' (NI) IEEE-488 (GPIB) 
bus. a standard bus originally designed 
for the control of electronic instrumen­
tation. The bus permits asynchronous 
byte parallel transmission at rates of up 
to SOOK bytes per second. The 59000 
supports the GPIB bus as a built-in fea­
ture. A number of interface cards are 

available for the Unibus and Multibus. We 
chose NI interfaces for the DEC com­
puters. NI supplies good software sup­
port. and its hardware has been quite re­
liable. The S9000 port, on the other hand. 
was an unending source of frustration. In­
itially DMA did not work at all and was 
prone to causing crashes later on. The 
more sophisticated aspects of the device 
driver had bugs. and in slave mode. it 
dropped bytes of data. IBM seems to 
have finally solved the hardware prob­
lems. XENIX on the 59000 will only at­
tach to the bus as a master. Since you 
cannot have two masters on the bus 
simultaneously and the VAX is already 
acting as controller. this creates a prob­
lem. We deal with it by buffering the 
XENIX system through a custom box that 
acts as a slave on two independent GPIB 
buses. This is hardly ideal. 

The GPIB bus does impose some limita­
tions on the network. Principle among 
these is distance. IEEE specifications 
allow for a maximum of 20 meters of 
cable. In practice. we are able to exceed 
this a little. but it is still necessary to have 
all the computers in the same or adjacent 
rooms. NI sells repeaters that allow links 
over a kilometer. but they cost $2000 a 
shot and reduce the data-transmission 
rates to I 50K bytes per second. 

A second interactive network sprang up 
spontaneously around the lab. This is 
based on RS-232C lines and terminal­
emulator programs. A terminal emulator 
is a program that echoes 1/0 from your 
keyboard and a terminal li ne and from 
the line back to your screen. By connec­
ting the terminal line to another com­
puter or modem. you can log in and run 
on another computer without ever leav­
ing your own host. If the terminal 
emulator can copy text files to and from 
the line. you have a functional and ab­
solutely general network. 
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The 68000 instruction set is 

powerful, and the addressing 

modes are quite rich , with a 

variety of PC and address.. 

register offset and indexing 

options. . . .The 68000 is a l 6--bit 
processor with 24--bit addressing 
and some 32--bit instructions. 


mers don't write Pascal). this compiler converted me. 
FORTRAN 77 is fully supported on the 59000. and the FOR­

TRAN compiler has proved to be reliab le and reasonably 
quick. For a number of reasons. FORTRAN is not quite as 
compact or efficient as Pascal. The FORTRAN run-time library 
is an addition to the Pascal library. so the linked images are 
a little bigger. FORTRAN uses static rather than dynamic 
storage allocation. so data space is also not as efficiently used 
as it is in Pascal. Finally. by default. FORTRAN uses long-word 
integers (4 bytes). while Pascal uses short words (2 bytes). 
Unless you ask for short-word integers. the compiler will have 
to generate the additional code and storage needed to deal 
with long words. 

FORTRAN has several pseudostandard features that the 
59000 FORTRAN does not support. These include bit-wise 
logical operations on integers. variant argument lists. inter­
change of character and numeric data in argument lists. the 
free use of long variable names. hexadecimal and octal for­
mat conversions. and the ability to get record lengths on vari­
able-length reads. None of these are part of the FORTRAN 
standard. but they are useful. and many FORTRAN compilers 
do support them (including. for example. the VAX FORTRAN 
77). You can obtain bit-wise logical operators by equivalenc­
ing to logical variables and record lengths on variable-length 
reads by dropping into Pascal or assembly language. but you 
will have to live without the rest. 

My experience with the 59000 C com piler is relatively 
limited. It seems to be reliable. but like many versions of C. 
the linked image fi les are enormous (the C printf function 
links most of the 110 library to every program). In evaluating 
a compiler for scientific work. it is important to remember 
that the C language specification requires that all floating­
point operations be performed in double precision. 5ingle­
precision arithmetic might be slow on a microcomputer. but 
double precision is ridiculous. On the 59000. the stack­
handling conventions of the C compiler and the Pascal and 
FORTRAN compilers disagree. You can call C routines from 
Pasca l if you declare them to be C externals. but you cannot 
ca ll them from FORTRAN. 

The 68000 assembler. ASM. is an interesting development. 
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It has structured control flow. That's right. you can place IF 
THEN ELSE constructs. DO WHILES. and REPEAT UNTILs 
directly into your assembly-language code. It also supports 
the usual macro facilities and other directives. Nothing will 
ever make assembly language into Pasca l. but these features 
can be quite useful in avoiding the usual catastrophic jumble 
of assembly code. 

The 68000 instruction set is powerful. and the addressing 
modes are quite rich. with a variety of PC and address-register 
offset and indexing options. After working with the 68000. 
I was a bit disappointed when I went back to the VAX to code 
a short ro utine. The 68000 is a 16-bit processor with 24-bit 
addressing and some 32-bit instructions. It is not a full 32-bit 
processor. In particular. multiplies and divides on 32-bit in­
tegers must be broken down to 16-bit operations. The VAX 
offers a fu ll 32-bit instruction set and offset indirect address­
ing (the address stored in the memory location pointed to 
by a register plus offset). The latter is very useful in argu­
ment lists and is not available in the 68000. 

The 59000 language system has a couple of annoying limita­
tions. It is impossible to access or initialize FORTRAN com­
mon blocks in assembly language. and you cannot code real 
numbers in A5M data statements. On many other systems 
(such as the VAX). you can use assembly language to great 
advantage in in itialization data structures with bit masks. 
pointers. and functions on which FORTRAN stumbles. The 
subroutine call-sequence convention is also not great. Argu­
ments are pushed onto the stack rather than into a separate 
register as an argument pointer. This prevents optimization 
through the use of prebuilt argument lists. It also makes it 
easy to corrupt the stack. Pascal's rigid type checking avoids 
most such problems. but in FORTRAN it is easy to put the 
wrong number of arguments in a call statement or to substi­
tute a character string for a numeric data type. either of which 
will crash the system. A minor bug in the 59000 linker forces 
you to link assembly code into the beginning of a large pro­
gram if it is going to call globally defined subroutines. If your 
program code does not exceed 32K bytes. or if your 
assembly-language subrouti nes make only local subroutine 
calls. you will never have to worry about it. 

IBM has recently released a real symbolic debugger. which 
works with all the compiled languages. You can load a pro­
gram. run it. check trace points. break at specific points in­
cluding line numbers. examine variables by name. and trace 
back through subroutine calls. This is a very useful little tool 
to have around. 

When I began my work. there was no way to get a machine­
code listing of the compiler output. A disassembler now 
exists and should be available soon. 

EXPANSION CAPABILITIES 

In assessing any computer system. expansion capabil ity is 
a consideration. IBM offers a number of peripheral devices 
for the 59000. including printers. 5\4-i nch and 8-inch floppy 
disks. up to 40 megabytes of hard-disk capacity. two AID 
(analog/ digital) converters (high precision and high speed). 
and support for up to 5 megabytes of RAM. The hard disks 
are based on standard interfaces. so alternative vendors 
might have products available if you buy one IBM disk and 
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want to add more later. The 59000 comes with the IEEE-488 
GPIB port. a parallel printer port. and three R5-232C ports. 
al l of which could be used to add peripherals. 

The standard 59000 backplane will support five expansion 
slots. The hard-disk controller occupies one. and you can put 
up to I megabyte of memory into each of the others. In our 
application. the SKY array processor fills one slot. The S9000 
is based on a derivative of the Motorola VERSAbus. but IBM 
modified several critical features. If you are going to look at 
nonIBM VER5Abus equipment. tell the vendor you intend 
to use it with an 59000 and see if he will support it. 

CONCLUSIO NS 

The 59000 is a supermicro available in a reasonable and com­
plete product package. It sports a real-time multitasking 
operating system. excellent compilers. and the backing of the 
biggest name in the game. By adding an array processor from 
SKY Computers. we were able to achieve truly spectacular 
number-crunching capabilities and have been able to in­
tegrate the 59000 into a major scientific data-processing 
application. 

Would I recommend the 59000? As a dedicated processor. 
yes. It is a powerful computer. and its large memory is a real 
advantage in running large programs. C50S supports real­
time work that would be impossible under UNIX. and once 

the applications software is written. you do not have to deal 
with the CSOS user interface. I did not like all the hardware 
glitches we ran into. but most have been cured. and the ser­
vice has been excellent. The bottom line is that we have an 
inexpensive machine that does the calculations we need very 
quickly. 

Would I recommend the 59000 as a general-purpose scien­
tific computer? My major word of caution applies to micros 
in general. Be aware that raw number-crunching power is not 
the only thing you need in a general-purpose computer. Think 
about program development. data communication . periph­
eral devices. and access to knowledgeable people before you 
buy any system. The 59000 with C50S offers an excellent 
set of compilers and will provide a good single-user operating 
environment. The 59000 will probably be a pretty good 
XENIX system with multiuser support. but IBM has to deliver 
the machines first. 

Whether or not the 59000 is the super-PC of 1984. the MIT 
NMR project does demonstrate that. properly equipped. a 
microcomputer can take on real-world computing tasks with 
demanding computational requirements and handle them 
with finesse. The world of minicomputers and even super­
minicomputers should take good notice. Because after al l. 
the supermicrocomputers are only going to continue getting 
better and better. • 

Download fast, read over 100 formats easily, reformat rapidly 

The more disk formats you work with, the more our Supported with comprehensive, easy-to-read manual. Disk Maker I runs as a peripheral with an S-100 system 
Disk Maker™ system saves time and money by reading software updates ($25.00. all formats In revision), and and comes with S-100 controller board , one 48 tpi 
and/or writing disks in any of over 100 formats . No mo­ additional drives and hard disk options. DSDD 5 'I•·' disk drive, dual drive cabinet and power 
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drives are optional. Circle 123 on Inquiry card . 
Disk Maker II is a complete, stand alone system with Disk Maker™ 
one 8" DSDD disk drive, one 48 tpi 5'I•" DSDD disk 
drive, 6 MHZ Z80B, 64K CP/M system with Disk ~rices from ~ New ~ MakerTM software. (96 tpi and second 8" drive option· GeNeRa-TION 
al.) Just ~lug in you( terminal and make disks! Bundled SYSTeMS 
software includes M1croShell™/ MCALL-II communica­ 1800 Mlchitl Faraday Dr~•. Suite 206 , Aesum . VA 220go 
tions software . (7031 471-5598 Otdt1 U": !8001 368-3359 
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BY LARRY A UGUSTIN 

T 
he remarkable market suc­
cess of the IBM PC not only 
created an industry stan­
dard . but brought the PC 

under widespread scrutiny. It soon 
became painfully obvious that the PC 
was lacking in one major area-it 
couldn't talk to IBM mainframes. Sure. 
it could operate as a dumb terminal at 
1200 bps (bits per second). but many 
computers can do that. It could also 
transfer files at 1200 bps (if you don't 
mind the wait/ . but again. that's nothing 
special. What was needed was a way to 
use the PCs intelligence in conjunction 
with that of a host mainframe. a way to 
make the two work together. not just 
transfer data back and forth . 

Other manufacturers quickly saw the 
gap that IBM left open. They realized 
that the key to making PCs and main­
frames talk swiftly was improving the 
data rate. You simply couldn' t do much 
at asynchronous communications data 
rates: they· re just too slow. The solution 
was to communicate over the standard 
IBM 32 70 termina l interface. Third-party 
manufacturers began to develop 3278 
terminal interface cards for the PC. As 
the number of 3278 interface cards in­
creased. so did the potential of the PC 
as an intelligent workstation. 

IBM is now in the workstation market 
with a series of new PCs designed to 
operate as workstations. The 3 2 70 PC 
is the top of this new line of terminals. 

The IBM 32 70 PC plugs d irect ly into 
an existing IBM mainframe 3270 in ter­
face. Its featu res allow simu ltaneous 
operation as both a PC running PC-DOS 
and as a 3278 Display Station Model 2. 
3. 4, or 5. When used with the 3270 PC 
color display. it provides high-resolution 
color graphics. All th is is packed into 
what looks like a standard PC XT chassis 
(including a JO-megabyte hard d isk). 

THE 
MAINFRAME CONNECTION: 


IBM'S 3270 PC 

High --quality graphics and multihost 
communications characterize IBM's 3 2 70 PC 

Photo I : A s{iared screen 011 the new IBM 3 2 70 PC. Four host programs 
can n111 at one time. 

S ESSION S AN D W INDOWS 

The 3270 PC has a number of special 
features. The first o f these. a session. is 
one of a set of areas in which your 
machine can operate. IBM windows 
manage different sess ions and let you 
view severa l sessions running simulta­
neously on the screen. To tie all the ses­
sions together. two types of intersession 
communication are possible: window­
to-window copying and file transfer. 

There are three types of sessions: 
host sessions. regular sessions. and 
notepad sessions. A host session in­
volves connection to a System 3 70 host 
computer as a 3278 terminal. By means 
of its Distributed Function Terminal (OFT 
mode). the 3 2 70 PC allows you to have 
as many as four host sessions active si­
multaneously. while being con nected to 
the host through a single port. The DFT 

mode requires some special software 
for the host's communications con­
troller. In other words. although you 
have only a single terminal. you can log 
on to the host using as many as four dif­
ferent identifiers simultaneously. The 
second type of session is in the normal 
PC-DOS. There is nothing unusua l about 
this session: it's exactly the same DOS 
(version 2.0 or greater) as on the IBM 
PC. The notepad session involves note­
pads. which are si mply screen-sized 
places that can be used to make notes 
and save reminders. places to store tem­
porary information. For instance. it is 

1co111i1med1 

l..arr!:J At1gustin (856 T\~in Oa(?S Dr.. Da!:JIOn . 
OH 4 54 31) just gradtwted from the Univer­
sil!:J of Notre Dame with a degree in elect rical 
engineering. He will enter a master's dewee pro­
gram al Stanford University in lFre fall. 
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'IWo intersession 

communications are 

possible: window--to~ 


window copying and 

file trans/er. 


possible to copy a directory of your files 
to a notepad for quick and easy refer­
ence. You can have as many as two ac­
tive notepad sessions. 

Sessions are managed by the use of 
windows. A window is a partial view in­
to a much larger picture (see photo I). 
A window can be as large as the full 
screen or as small as a single character. 
The 3278-2 terminal's display is 80 col­
umns by 2 5 rows. By using windows. 
only a portion of that full screen is 
displayed at any one time. For example. 
assume that you had logged on to a 
host using four different identification 
numbers. Normally, this would requ ire 
four separate terminals. but with the 
3270 you can create four separate win­
dows on one monitor. Each of these 
windows can be configured to take up 
one-fourth of the physical monitor. or 
approximately 40 columns by 12 rows. 
Jn each window part of the full screen 
of data associated with each connection 
to the host can be displayed. 1b view 
all the screen activity of a particular 
host. you can pan a window from side 
to side using the cursor movement keys. 
You can pan character by character or 
even pixel by pixel if your 3270 PC is 
equipped with the All Points Address­
able (APA) adapter. 

By pressing a key, you can jump from 
one window to the next. Pressing an­
other key allows you to expand any win­
dow to the full screen size. Pressing the 
same key again returns the window to 
normal size. You can modify or save the 
size. position. foreground color. and 
background color of windows with only 
a few keystrokes. 

The last feature I'll discuss here is in­
tersession communications. As previ­
ously mentioned. the 3270 PC offers two 
communications techniques: window-to­
window copying and file transfer. 

Window-to-window copying is exact­
ly what it sounds like. A block is first 
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marked in a source window and then a 
destination is marked in another (target) 
window. The process is very similar to 
the block copy of IBM's Personal Editor. 
But there is one major restriction on the 
target session: You cannot copy to a 
window running a PC-DOS session. 
When you are copying window to win­
dow. you are. in fact. copying to the 
screen of the terminal associated with 
that session. and therefore. you are sub­
ject to certain restrictions. For instance. 
in copying to a host session you are 
copying to the screen of a 3278 ter­
minal and cannot copy onto protected 
fields. In general. if you cannot edit a 
portion of a screen. you also cannot 
copy to it. Tuble I summarizes the vari­
ous source and target possibilities. 

In the tests that 1 performed. I was 
able to copy blocks of text (limited by 
the screen size) from the PC's Personal 
Editor screen to the host's XEDlT screen 
(XEDlT is the System Product Editor 
running under VM/CMS). Since the ex­
tended character set of the PC allows 
you to display a wide variety of sym­
bols. 1copied some of the more unusual 
ones (happy faces. musical notes. etc.) 
to a host session with XEDIT running. 
All characters copied successfully: any 
characters not normally part of the 
EBCDIC (extended binary-coded-deci­
mal interchange code) were copied as 
blanks. 

By using the SEND and RECEIVE 
commands. you can transfer files be­
tween PC-DOS sessions and host ses­
sions. Sending a fi le transfers it from a 
personal computer DOS session to a 
host session. Receiving a file means 
transferring it from a host session to a 
personal computer DOS session. In 
order to transfer files between sessions. 
you'll need special software on your 
mainframe. This software was unavail-

Table I : Window-to-window copying 
and restrictions. "ro b 

;;- a"' ~ 
i:;- ~ .!' 

Source Window Type .:f Q.c.; ~o 

Host 132781 : y : y y 

llarget 
Window PC-DOS : N : N N 

Type 
Notepad : y y y 

Y - Yes. copy is allowed 

N - No, copy is illegal 


able to me at the time I wrote this 
article. 

SOFTWARE FOR THE 3270 PC 
The 3270 PC requires a number of 
pieces of software. The first of these is 
the IBM 3270 PC control program. The 
control program is an integral part of 
the 3 270 PC. Without it. the machine 
can operate only as an IBM PC: no win­
dowing. notepads. or host sessions. 
Along with the control program come 
a number of helpful. but not absolute· 
ly necessary. programs for saving screen 
profiles. restoring screen profiles. trans­
ferring files. and performing other 
handy chores. The control program 
does include the SEND and RECEIVE 
commands. 

This control program is a complicated 
piece of software. not an "insert-and-go" 
program. Because it must handle a wide 
variety of communications controller 
hardware. it must be configured to each 
user's computer. You must first build a 
system disk from a program provided 
with the 3270. This configurator and its 
associated software may reside on a 
hard disk. but the system disk is built 
on a floppy disk. You can then copy the 
custom control program to the hard 
disk if desired. 

To load the custom control program. 
you need a special program loader that 
causes the system to reboot. This. of 
course. causes your AU1DEXEC.BAT file 
to execute again. a potential source of 
trouble if you want your AU1DEXEC file 
to load the control program (visions of 
a system stuck infinitely rebooting itself). 
IBM was smart enough to foresee this 
possibility. and if the reboot is caused 
by the control program loader in an 
AUTOEXEC file. the loader knows 
enough not to reboot a second time. 

The configurator itsel f is relatively 
easy to use. thanks to a series of help 
panels. but the control program re­
quires that a number of parameters be 
fixed at the outset. which can reduce 
the flexibility of your 32 70 PC. For ex­
ample. once the control program is con­
figured. the number and type of avail­
able sessions are fixed. If your system 
is configured with one notepad session. 
then the only way to add another note­
pad session is to reconfigure the con­
trol program. One caution: both the 
configurator and the control program 
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WITH OUR REAL-TIME 

OPERATING SYSTEM AND 


YOUR IBM®PC, YOU COULD 

CONTROL THE WORLD. 


Factory automation is just one of the Within your IBM PC, MTOS-86/PC Price for a single copy, including 
many control and data acquisition appli­ fully controls the PC and its peripherals, user manuals, is $495. Inexpensive 
cations you con run with our MTOS-86/PC including keyboard, disli drives, timer, techn ica l support is available, too. 
operating system and your IBM®PC interrupt controller and process input/ For more information, contact 
(or equivalent) Chemical process control output systems. It allows custom drivers to Industria l Programming Inc., 100 Jericho 
is another. Alarm reporting systems ore a be attached for specia l hardware and con Quadrang le, Jericho, NY 11753. 
third. The list is virtually endless. easily be configured for your application (516) 938-6600. Telex : 429808 (ITT). 

MTOS-86/PC is the newest member MTOS-86/PC comes on diskette in the 
of our MTOS-86 fam ily of rea l-time multi­ PC format. It includes execulive, console 
tasking operating systems. The fastest, driver, debugger, high-speed fi le system, 
most etticient O/S software on the a run - ­-time interface for the Intel"'' C com I

• 
f)I

• 
Industrialmarket today. piler and a test/demonstration program. 

Programming Inc. 
IBM is a reg1s1e1ed lrodemork ol lnlerno11onol Business Mnctl1nes Corporollon 
1mel 1sa reg1SJEj a 11odemork o IOTel Corporo11on The standard-setter In operating system sottware 
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Model # SSVA&T - Designed to h<!luse one 
full size or 2 half height 5'1•' floppy d isk d rives in 
lhe vertical position. As on added feature. the 
mounling hcles o re dupllcoled In reverse so 
lhe user con mount the drives door lefl or door 
right. l'he power supply is o cuslom linear. 
proven In lhouscnds of inslollotlons over the 
years! 

Retoil .....S60.00. ($67.00 for half hgt 
version) 1 year warranty 

2. 	 Model # SDVA&T - The 5DV Is custom 
designed for 2 fu ll size 5%" floppy d isk drives lo 
mount vertically. The mounllng holes ore dup­
licated In reveoo so the drives may be mounted 
door lett or right. The power supply Is our 
custom linear. 

Retoll. ....585.00 1 year worronty 
3. 	 Model # FD-PCS - This unique e nclosure Is 

deslgnec to match the styling ond size of lhe 
IBM-PC and con mount on lop of. under or 
along side the PC. It Is designec lo house 
Shugart 8 Inch hoff height floppy disk drives. 
and affords mainframe compollblllly using 8 
inch floppy d iskettes. 

Reto il .....$399.00 1 veor warrantv 
4. 	 Model # OH8A&T - The DHB is designec 

lor one or two standard size 8 Inch disk d rives 
such as Shugart 800 series. Qume DT--e. and 
SIEMENS. The power supply Is 206 series com· 
merciol grade wilh a 2year warranty! Cooling 
fan standard. There is o space d esigned in 
obove the disk drive area for mounting circuit 
boards ii needec. Specify double or single 
sided conneclors. 

Retail.....5295.00 2 year warranty 
5. 	 Model # FD-PC-jr. - For those needing 

expansion of lhel r PC-jr .. here is o matching 
enclosure to house your d isk drive. We hove 
lhe contro lle r available also. The case hos on 
lnjectec molded front bezel to duplicate lhe 
looks of the Jr. 
Model # FD-PCS - This unique enclosure Is 
designed to match your IBM-PC perfectly. 
lnjeclec molded tronl bezel. with all steel 18 
gougeconslTuction for shield ing and strength. 
It bocsts a custom linear supply Ihot delivers 5 
amps continuous current. The FD·PC5 Is pre­
d rllled to hold any 5%" holf height floppy or 
hard disk or ony SW' full size fioppyor hard d isk. 
We even have odoptor brackets to mount a 
Syquesl 5meg removable! 

Retoil... .. $295.00 1 year warranty 
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7. 	 Model # SOHHHA&T - TI'le5DHHH is designed 
lo house 1 or 2 half heigh! floppy or hard disk 
drives in lhe horizonlol side by side mode.A Iii 
on--0ff switch is mounted in lhe front where irs 
convenient. ond uses our custom linearpower 
supply, A b lonk p late is ovolloble for one drive 
lnsfollollons. 

Reloll. ....$125.00 ( floppy model) 
$19500 (hord disk model) 
1 year warranty 

8. 	 Model # SH8A&T - Will hcuse one full size 8 
Inch floppy or one 0 1 two half height 8"' floppy 
disk drives. Uses a commercial grade 206 series 
supply_ o nd carr ies a full 2 year warranty! 

Reta il.....$ 199 00 
9. 	 Hard disk & Floppies, we carry only the 

lop brands like Shugart and Qumel Don't be 
fooled by the cheap immltotions We carry only 
lhe best. wi th the strongest warranty o round. 
For example. a ll Shugart d isk drives carry a 1 
year warranty. So coll for the lo test p ric ing lo 
upgrade your PC. Zenith. Heath. Radio Shack. 
Tl or one of lhe many o lher compuler syslems 
on lhe morkell 

10. We olso carry doto cobles for your syslem. We 
can custom make Ihem lo your specs. or a llow 
us lo help you choose whol's right for you. 

Floppy Disk Services. inc. ls entering our 6th year of 
supplying d isk drives o nd cuslom enclosures lo lhe 
computer Industry. Companies tho! demand quo· 
lity such as CBS-TV. IBM and NASA lo name a few. 
purchase our p roducts. Space restrictions do not 
allow us lo show all our products. so coll loll free for 
our FREE cotolog of producls. Or better yel. lel one 
of our soles staff help you make !he right choice 
.... Ask about our REPlACEMENTwarranty policy. 

Dealer Inquiries invited . All produc ts available In 
OEM quantities. Prices and specs subject lo change 
wilhoul notice. 

FLOPPY 39 Everett Dr.. Bldg. D )ISK Lawrenceville, NJ . 08648~SERVICES (609) 799-4440 
-INC­

TOLL FREE (800) 223--0306 
Circle 66 on inquiry ca rd. 

THE 3270 PC 


require a great deal of memory. Don' t 
try to reconfigure your control program 
if you are already operating under the 
old control program. Before reconfigur­
ing. reset your computer with DOS only. 

The control program can be updated 
by IBM's Patch Installation Service. a 
program that runs under DOS to install 
or remove changes to the control pro­
gram. It also provides a historical record 
of the revisions and applied patches. 
The original software. as I received it 
from IBM. already had a history of three 
applied patches. 

A number of additional programs pro­
vide extra functions. Mcist notable of 
these are Save and Restore. The IND­
SAVE command allows you to save (in 
a file) screen profiles. notepad contents. 
and auto-key recordings. (Auto-keying 
enables you to program a key to replay 
a series of keystrokes. usually a pattern 
that you use often. For instance. you can 
program a key to replay your log-on 
statement to the host. allowing you to 
log on using only a single keystroke.) 
The INDRSTR command allows you to 
restore the screen. notepad. or auto-key 
recording from the saved file. A screen 
profile describes the size. position. 
color. and windows configured on your 
computer. When the control program is 
loaded. these are· set to the defaults. 
Saving and restoring allows you to re­
create easily your own persona l screen 
profile. If you occasionally need to save 
information typed on notepads. saving 
and restoring makes this possible as 
well. By using Save and Restore. you can 
keep track of auto-key programs from 
session to session. 

1\vo pieces of software installed on 
the host are necessary for you to realize 
the full potential of the 3 2 70 PC. The 
fi rst is a modification to the 3 2 7 4 com­
munications controller software on your 
host. The second is the send and 
receive software necessary for file 
transfer. 

To operate multiple host sessions on 
the 3270 PC. you 'll also need a special 
update to the 3274 communications 
controller so~wa re (I wrote this over­
view from my experience with the 3270 
PC running only a si ngle host session. 
Notre Dame does not yet have the nec­
essary host software.) As mentioned 
earlier. file transfer also requires the in­
stallation of a module on the host. 
Neither of these pieces of software is 

6 
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necessary to the 3 2 70 PC for you to 
begin its operation as a terminal. bu t 
they do add to its already long list of 
impressive features. 

ADDITIONAL 3270 PC 
HARDWARE 
At fi rst glance. the 3270 PC Model 
52 71 -6 (models 2 and 4 are available 
without the 10-megabyte hard disk) 
resembles an IBM PC XT with a special 
keyboard and monitor. Interna lly. IBM 
has added th ree cards and possib ly 
made some changes to the system 
board as well. The three cards that make 
up che heart of the 3270 PC are the 
Display Adapter. the Distributed Func­
tion Commun ications Adapter. and the 
Keyboard/Timer Adapter. The Display 

Adapter can drive eicher the 3270 PC 
color display or the IBM monochrome 
monitor. In addition to these necessary 
cards. two special funct ion cards are 
available to help drive the display: the 
Al l Points Addressable (APA) Adapter 
mentioned earlier and the Programmed 
Symbols IPSJ Adapter. 

The most impressive combination of 
these pieces is the Display Adapter driv­
ing the 3270 PC color display. Anyone 
who has used the typical IBM PC color 
monitor wi ll appreciate the high resolu ­
tion and bri ll iant co lor of this d isplay. 
When used on ly for text. the qua lity of 
its displayed characters is as good as 
the IBM monochrome monitor. If you 
add co lor. the screen suffers no loss of 
resolution. Programs such as IBM's Pro­

fessional Editor and the Norton Utili ties 
take on a whole new look when used 
with this monitor. 

Not as not iceable at first. but equally 
impressive. is the 3 2 70's Distributed 
Fu nction Communications Adapter. This 
ca rd controls the 3 2 70 PC's host inter­
face and makes mu ltiple host sessions 
possible wi th the appropriate main­
frame software. 

The Keyboard/Timer card appears to 
satisfy some timing requirements in the 
110 (input/output) cha nnel or to provide 
timing information to the d isplay and 
communications cards. It also drives the 
monster keyboard available for the 
3270 PC The keyboard combines all the 
functions o f a 3278 terminal keyboard 

(co11 ti11ued1 

Programming Languages for the IBM 3 2 70 PC By T. Lowell Wol f 

The IBM 3270 PC Is very similar to 
the IBM PC. PC-DOS 2.0 makes the 
operating environment highly com­

patible with IBM PC software. An impor­
tant key to the operation of the 32 70 PC 
is the control program that operates in 
conjunction with DOS to support its win­
dows. You can define as many as JO 
screen configurations and then save them 
as PC-DOS files that you can invoke on 
command. You can print the screen. or 
any window. on a loca l or remote printer. 
The 3270 PC also prov ides a Help func­
tion to d isplay active functions and ses­
sions. as well as a tutoria l to explain and 
simulate system features. Send and 
receive functions enable you to exchange 
data between the host and the PC. Path 
names are supported. as is the option to 
convert from ASCI I to EBCDIC. Most DOS 
applications designed to use the IBM 
monochrome display controller will be 
compatible. PC-DOS software that uses 
the IBM graphics display con troller. how­
ever. will not run in the PC-DOS window. 

IBM has licensed a number o f program­
ming-language products for the 3270 PC 
from Digital Resea rch Inc. Chances are 
you'l l choose a programming language 
based on your experience. In the 3270 
mainframe-oriented env ironment. the 
choices are typica lly as fo llows: 

Level II COBOL: This full ANSI ·74 im­
plementation has passed the U.S. Federa l 
Compiler Test at "h igh" level. COBOL is 
chosen most often by large compan ies 

because of its portabil ity. 

PL/I: Based on ANS I Su bset G standard. 

PL/I is often used by scientific and gen­

eral-pu rpose mainframe and minicom­

puter programmers. 

Assembly language: Though assembly 

language maxi mizes computer perfor­

mance. assembly-language programming 

should be minimized to avoid machine 

dependencies. 


Other languages are more popular with 
recen t graduates and programmers with 
minicomputer or microcomputer orien­
tations: 
C: A fu ll implementation of the Kernighan 
and Ritc hie UNIX standard. C is a high­
performance language that stil l retains 
portabil ity. 
Pascal/MT+ : A native code compiler 
based on the ISO standard. Pascal/MT + 
is used for softwa re development on 
CPIM and CP/M-86 machines. Pasca l re­
ma ins a classic teaching language in com­
puter sc ience curricula . 
CBASIC: Like Pascal/MT+ . the CBASIC 
compi ler has been used extensively by 
independent software vendors for yea rs 
in both 8-bit and 16-bit environments. 
CBASIC offers the commercial extensions 
required for soph ist icated spreadsheet 
and accounting applications. 

In addition to compilers. IBM licensed 
a number or programmer productivity 
aids from Digita l Research. For appl ica­
tions involving extensive data file manipu­
lation. Access Manager provides a multi· 

keyed \SAM (indexed sequentia l-access 
method). Access Manager can be used 
through high-level subroutine calls from 
al l compiled languages except COBOL. 
which includes \SAM as a language con­
struct. 

Display Manager makes it possible to 
develop interactive program screens with­
ou t the tedious work of defin ing numer­
ous print/read statements. An in teractive 
editor is used to type litera ls directly on 
the screen "mask:· Form-fill ing appl ica­
tions are quickly implemented with an 
additional bonus that the subroutine 
library cal ling procedure results in less 
actual code than normally requ ired for 
print statements. 

IBM also offers the DR I object module 
libra rian. li nkage ed itor. and symbolic 
debugger-. 

The IBM 3270 PC offers an inexpensive 
option for offloading busy mainframe de­
velopment systems. COBOL shops will 
find that Level II COBOL (developed by 
Micro Focus) observes the same stan­
dards and conventions used by the IBM 
mainframe COBOL compi lers. Coupled 
with the Animator interactive symbolic 
COBOL debugger. Forms II screen and 
forms generator lthis produces COBOL 
source code). the 32 70 PC becomes an 
excellent environment for the develop­
ment of mainframe COBOL progra ms. 

T. l..nwel/ Wo lf is producl markeli119 manager for 
compilers al Digital Remirdr Inc. He can 8e 
read1ed at POB 579. Pacific Grove. CA 93950. 
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and a standard PC keyboard. with mixed 
success. For instance. the keyboard 
offers two sets of cursor keys. one for 
use as a PC and the other for use as a 
terminal. When you are operating it as 
a terminal. you use the PCs cursor keys 
as a numeric pad. The feel of the key­
board is excellent. and if you like the 
feel of the PCs keyboard . you will like 

this one even better. But it is huge (2 2 
by 9 inches). easily dwarfing the PCjr's. 

Can an IBM PC XT be upgraded to a 
3270 PC merely by installing these three 
cards? I performed a number of exper­
iments to see exactly how compatible 
the two computers· chassis are. Unfor­
tunately. no circuit or timing diagrams 
are available for the cards or system unit 

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

Circle 8 7 for Dealer Inquiries. 
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of the 3270 PC. so I was forced to rely 
upon a few simple tests. I removed the 
Display Adapter and Keyboard/Timer 
card from the 3270 PC and placed them 
in a regular XT chassis. When I started 
the XT. I received check-out diagnostic 
errors. but was able to finish booting the 
computer with no problems. Every time 
I rebooted the XT. it issued diagnostic 

errors. but the monitor seemed to 
operate correctly from that point on. I 
had to install the Keyboard/Timer card 
as well. When it was not present. the 
color display failed to operate. Because 
of both its name and the fact that it 
must be installed in slot J8. which has 
special timing requirements on a nor­
mal XT. I suspect that this card affects 
timing in the 1/0 channel. 

In addition, I also installed the com­
munications adapter in an XT chassis 
and turned on the system. Because the 
control program is necessary to drive 
the card, I installed it at boot time as 
well. The results were similar to what I 
described above. The operating system 
issued a diagnostic message. but ap­
peared to operate normally thereafter. 
The Keyboard/Timer card was again 
necessary. 

Certainly. the check-out diagnostic 
errors indicate some differences be­
tween the two units. but the fact that the 
cards seem to operate normally there­
after indicates that there is hope A 
detailed analysis of the circuit and tim­
ing diagrams of the cards and the 3270 
PC (both unavailable at this time) should 
eventually reveal the answer. 

The APA and PS Adapters add func­
tions to the color graphics monitor. The 
APA card allows you to control the 
graphics monitor. It must be plugged 
into a slot next to the Display Adapter 
and connects to the latter with a special 
edge connector. In high-resolution. full­
screen. two-color graphics mode. the 
APA Adapter is capable of displaying 
2 52.000 picture elements (PEL.s) in a 
720 by 3 50 pixel matrix. Without this 
card. the graphics monitor is not 
pixel-addressable. The APA Adapter 
also supports the PC color graphics 
monitor resolution of 320 by 200 pixels 
(64.000 PELs). allowing many programs 
written for that monitor to run on the 
3270 PC. The PS Adapter allows you to 
use 3270 programmed symbols in host 
applications. It stores as many as six 
symbol sets on the 3270. It too must be 
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I have used 3 2 7 8 

terminal emulators 
before , but none that 
operated with the 
reliability and ease of 
the 3 2 70 PC. 

adiacent to the Display Adapter and 
connects via two edge connectors to 
the adapter. 

One limitation affecting both the PS 
and APA adapters is the number of slots 
in the computer's chassis. Slots in the 
chassis of a Model 5271-6 are assigned 
as follows: 

• I -	 Distributed Function Communica­
tions Adapter 

2 - Free (Possible upgrade to APA or 
PS Adapter) 

• 3 - Display Adapter 

4 - Memory Expansion Adapter 


• 5 -	 Fixed-Disk Adapter 
• 6 -	 Floppy-Disk Adapter 

7 - Printer Adapter 
• 8 -	 Keyboard/Timer Adapter 

Notice that there is only one free slot. 
Because of this. either the PS or APA 
Adapter card. but not both. can be sup­
ported . The items marked with an 
asterisk are essential to the computer. 
Although you can remove the memory­
expansion card . without th is extra 
memory-configuring the more complex 
versions of the control program are im­
possible Slot 7 is a short slot. so remov­
ing the printer adapter won't provide 
the necessary space. 

SUMMARY 

The 3270 PC introduces high-resolution 
graphics and a simple connection to an 
IBM mainframe. I have used 3278 ter­
minal emulators before. but none that 
operated with the rel iability and ease 
of the 3270 PC. The computer interfaces 
quite naturally with the host. The resolu­
tion and brightness of the color monitor 
are tru ly amazing. If you demand high­
quali ty graphics or need host-to-PC 
communication. the 3270 Personal 
Computer is a must • 
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BY MARK KLEIN 


MODEMS: 
THE NEXT 
GENERATION 
New modems, witn call-progress signal 
detection, alternate voice and data using 
smart interfaces 

I 
·m a Telecommunications junkie. 
I think of the local Telenet 
number as my own. checking in 
daily for my electronic mai l. I 

use my modem several times a day. and 
I'm an active participant in several com­
puter teleconferences. I pay attention to 
modem technology. 

I examined six modems designed to 
work with the IBM PC and compatibles 
(table 11 : five in-board modems and a 
sixth free-standing modem that attaches 
co any RS-232C port-it wi ll work with 
just about any computer. 

I chose to review the Hayes Smart­
modem 12008 because it seems to be 
the most popular modem in this 
marketplace. I selected the others on 
t'ie basis of their claims for new 
technology or because they seemed 
well matched to the IBM PC. There are. 
however. many other modems on the 
market that will work with the PC. 

WHAT I'M loOKING FOR 
IN A MODEM 
Currently. I look for an affordable 
modem with easy connections to both 
the phone and my computer. A modem 
should provide alternate voice and data 
modes and be able to switch between 
them. Finally. I need feedback. a way of 
monitoring the modem as it dials and 
connects to a remote modem. 

First. let's talk about price. All of these 
new modems are hundreds of dollars 
less than the fancy Vadics ($895 for the 
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VA2 I2) that I use. No one should have 
to spend more than about $500 for a 
1200-bps (bits per second) modem to­
day. Perfectly serviceable 1200-bps sets 
are selling for less than $300. 

Next. I want easy connections. I want 
to be able to use either an ordinary 
single-line residence phone with an 
RJI le (modular) plug or a typical six­
button office set. Can it connect to an 
office PBX (Private Branch Exchange)? 
That may be an important question for 
some users. 

I want either a smart cable/connector 
for a free-stand ing modem or a no­
complications fit into a computer ex­
pansion slot for an in-board modem. 
This can be a problem wi th the narrow 
slots on an IBM PC XT. 

How will the modem affect my voice 
calls? I have one phone line in my of­
fice. as many businesses do. so I need 
to use it for both voice and data. Can 
I switch between the two modes without 
having the phone hang up on me? Can 
I use the modem to dial my voice cal ls? 
Can I turn my modem and computer 
into an at tack dialer (one that 
automatically redials a busy line until it 
makes connection)? 

The problem is at the answer end. 
where often you have no way of telling 
if an incoming call is voice or data. I've 
cursed when I've finally gotten through 
on a voice call and heard only that high­
pitched tone of a computer expecting 
data. But I've been on the other end 

too. picking up my phone with a friendly 
hello when the incoming call is data ex­
pecting my computer modem·s answer 
tone. What's necessary is a quick and 
convenient way for the answering user 
to switch modes. 

And fi nally. feedback (in tech jargon. 
" line status sensing" or "call-progress 
signal detection"). During dialing. I want 
to hear and see what is happening. ls 
there a busy signal? ls that voice 
response at the other end? How many 
rings before answering? When nothing 
is happening on my screen. I want the 
reassurance of knowing that the line is 
sti ll in place. that "carrier" (an ana log 
signal sent over the telephone network) 
has not been dropped. 

Since some modems can report 
what's happening at the remote (called) 
location. the local computer's telecom­
munications software can branch to the 
appropriate logic path. For example. in 
at least some parts of the country. MCI 
and Sprint (long-distance call ing ser­
vices) can begin billing after a given 
number of ri ngs. whether or not the call 
is successfu lly completed. Software 
could instruct the modem to hang up 
before exceeding the billing ring limit. 

Another example: computers and 
modems are being set up to place a 
series of unattended calls. usually at low 
night rates. If a person answers. rather 
than another computer. the calling se­
quence can be disrupted and the ca ll­
ing computer might lock up. If the local 
modem can distinguish voice. busy, and 
no-answer signals at the remote end. 
local software could abort the call clean­
ly and move on to the next number. 

With voice sensing. computers can 
control complex number sequences on 
the alternate long-distance services. 
Some of these services have voice 
responses in the middle of the dialing 
sequence: these voice responses re­
quest or acknowledge tone information. 
If the modem can recognize the voice 
signal in a timely way, the correct code 
can be sent by the local computer 
within the allowed time. Electronic bank­
ing is an application that uses combina­
tions of tone entry and voice response 
to acknowledge transactions. 

lHE SOFTWARE GENERATION 

The first time I saw the Prentice XI 00. 
I shuddered. I didn't see a light or a 
switch anywhere on it. How was I to tel l 



if carrier dropped? How was J to change 
from 1200 to 300 bps without a toggle 
switch? 

Wel l. the XIOO is tucked away on the 
floor behind my desk. All of its informa­
tion comes to me in comprehensible 
words on the screen. I never have to 
turn my head away from the video in 
front of me. There are no blinking lights 
for me to interpret. If there is a vestigial 
twitch of my head toward a nonexistent 

carrier-detect light. I ignore it. 
No two modems came with the same 

software. although Novation comes 
bundled with Crosstalk (the IBM PC 
communications package) . and 
Cermetek will sell you Crosstalk at a big 
discoun t. if you buy its modem. Biz­
comp tells you how to configure its 
product for Crosstalk. 

The software that did come bundled 
with each product (see table I) varied 

Photo I: Tf1e thickness of the board configured witf1 a speaker may concern you if you 
own an XT From the top: Hayes. Microcom. Novation . Bizcomp. and Cermetek . 

Photo 2: The length of the Cermetek compared to the Novation. 

widely in performance. ease of use. flex­
i bi Ii t y. se tup requirements. and 
documentation. However. there is a 
definite trend toward on-screen labeling 
of the function keys. with powerful com­
mand strings built into each key. 

More and more manufacturers are 
settling on the Hayes instruction set in 
the ROM (read-only memory) firmware 
as a standard. In some cases. there is 
a superset or subset of the Hayes set. 
This de facto standard lets me use the 
same communications software and the 
same macros on di fferent hardware. 

I' ll admit my perception of the dif­
ferent modems was strongly affected by 
the power and flexibi lity of the software 
I used with them. lb wash out the soft­
ware differences and focus on the hard­
ware. and to write macros that use new 
feedback featu res such as call-progress 
signal detection. I used a small set of 
generic telecommunications software 
packages (table I) . 

PRENTICE X100 POPCOM 
My favorite modem is the XIOO POP­
COM from Prentice. It has all the 
features I want and works with all three 
of my computers (PC. PCjr. and Radio 
Shack Model 100). The innovative plug. 
the modem's small size. and the smart 
RS-232C interface make th is the easiest 
free-standing modem to install that I've 
ever seen. 

The RS-232C connector worked with 
every cable I tried- 3-line. 2 5-line. 
straight-through. or crossed-transmit­
and-receive data lines. even odd com­
binations of those cables. Prentice has 
figured out how to handle not only both 
modem data lines and computer data 
lines. but mixtures of the control signals 
as wel l. 

Complete call-progress signal detec­
tion is another XI 00 feature I love. J 
wrote a macro that lets my telecom­
muni ca t i on s software branch as 
necessary and keeps me informed 
along the way. The combination of call­
progress detection and voice/data 
switching lets me use the X IOO as a 
"demon dialer:· Attack dialing. in which 
your phone keeps trying a remote 

1wnli11ued) 

Mark Klein (8 Bay Rd.. Newmarket . NH 
03857) works for IE Systems. a communica­
tions software house in Newmarket. NH. He is 
a contributing editor to BYTE. 
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Tuble I: Modems surve1,1ed. 
Suggesu;d 

Modem Software Software Retail 
Company Model Supplied Used Price 

Prentice XIOO POPCOM none Acculink $475 
Hayes Smartmodem Smartcom II Smartcom II $599 

1200B 
Bizcomp PC:lntelllmodem PC:lntellicom Crosstalk 5499 
Novation ACCESS 1-2-3 Crosstalk Crosstalk 5595 
Cermetek INFO-MATE 212PC Modem-Mate Accullnk 5480 
Microcom ERA 2 ERA 2 ERA 2 5499 

number until it completes a call . 
threatens to tie up our entire phone 
system. unless modems and auto­
dialers can sense voice or busy signals. 
Some restrictions now apply to attack 
dialing: more will be forthcoming as the 
problem worsens. 

When I have to make a call to a 
number that is likely to be busy, I let the 
XI 00 dial for me. When I hear the other 
party answer. I pick up the phone and 
begin talking. A pleasure1 I even set the 
number of retries on busy to a value 
below the FCC limit of 15. 

Voice/data switching eliminates the 
need for two phone lines when two 
people are sending files between their 
computers. Does this sound familiar? 

"OK. I'm going to switch now. Mark? 
Mark? Mark. pick up the phone. Mark. 
are you there? My end is not working:· 

With an XIOO at both ends. switching 
to voice mode is a cinch-just pick up 
the phone. 

If you were in data mode. the XIOO 
stops sending carrier. goes "on-hook:· 
and sends the PHONE message to the 
local screen. The XIOO at the other end 
senses the loss of carrier, but instead 
of hanging up like older modems. it 
holds the line for a software-specified 
length of time and turns on its speaker. 
Your not-so-frantic "Mark. pick up the 
phone·· comes through loud and clear. 

When the remote operator picks up 
his or her phone. the remote modem 
goes "on-hook." sends a PHONE 
message to the screen. and establishes 
voice connection. The XI OOs are out of 
the way. Of course. by reverting to data 
mode you can push the modems back 
to handshake mode again. 

I put the X!OO over one last hurdle. 
Since it has an RS-232C port, I con­
nected the X!OO to a Tektron ix Model 
834 bit-error-rate tester. I ran the test all 
ahernoon and evening without seeing 
an error. Because the other modems I 
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was trying out are all in-board models. 
I have no basis for comparison. but the 
XIOO looked good to me and has 
worked well. 

BIZCOMP
0 

S PC:INTELLIMODEM 

Bizcomp's PC:lntellimodem is an in­
board modem that supports the full 
range of call-progress signal detection 
and has an extensive instruction set. 
PC:lntellimodem senses voices and 
switches between voice and data. 

I had two problems with the board. 
one minor and one annoying. The 
minor problem was with the PC:ln­
tellicom software that was bundled with 
the modern. I addressed the modem as 
COM2 :. which is the default setting from 
the factory. When I tried to run the soft­
ware. I was unable to communicate with 
the modem. A quick call to the factory 
uncovered the bug: if another device 
was attached to COM I : [a common 
situation). and if cable from that device 
" jumpered" some of the RS-232C con­
trol lines. then the program wouldn't 
work. 

At the time of the Bizcomp trial. the 
Prentice XIOO was plugged into COMI. 
As soon as I unplugged the COM I : 
cable, the PC:lntellicom software could 
communicate with the board. The soft­
ware was written in BASIC. so when Biz­
comp sent me a two-line patch. the fix 
was easy. While I was waiting for the 
mail to bring the patch. I used Crosstalk 
to drive the modern. with no problems. 

The feedback problem was more an­
noying. The PC:Intellimodem has a 
buzzer instead of a speaker. During 
auto-dialing, the buzzer was satisfactory. 
but whenever there was voice response. 
the "zzst" drove me up the wall. 

Turning off the buzzer was another 
problem. The lntellicom software and 
Crosstalk turned on the buzzer during 
dialing and turned it off after the data 

connection was established. (Crosstalk 
used a monitor-on dialing prefix that I 
gave it at setup. using instructions in the 
Bizcomp manual.) Evidently. both soft­
ware packages left the buzzer active 
after hanging up the phone. In the midst 
of some other program. I picked up the 
phone only to hear that "zzst" from the 
buzzer with every word I spoke. Prob­
ably. I could write a script file with 
Crosstalk that would tum the buzzer off. 
but I didn"t bother. 1bo much trouble. 

A good feedback feature on the ln­
tellimodem is a red LED (light-emitting 
diode) sticking out the back end of the 
board and visible from the rear of the 
computer. You can write software to 
switch that light to indicate the state of 
several of the RS-232C lines. including 
the ring indicator (RI). the data carrier 
detect (DCD). transmit data (TXD). and 
receive data (RXD). If you encountered 
a problem. knowing the status of those 
signals might help. 

Another interesting design feature of 
the Bizcomp lntellimodern is a third 
RJ 11 modular p lug socket. Most 
modems have two. one for the 
telephone company line ("to wall") and 
one to the telephone ('"to phone" ). The 
third socket is for a telephone handset. 
With the Bizcomp software. a function 
key switches from data to voice and ac­
tivates the handset. Bizcomp recom­
mends using the handset and telephone 
company line sockets. 

Trouble starts when you 're working at 
your computer. using any program 
other than the communications soft­
ware. and the phone rings. lf you only 
have a handset in the top socket. and 
no phone in the second socket. Biz­
comp tells you to exit from your ap­
plications program. call up the com­
munications software. press the function 
key. and then use the handset to answer 
the call. Do they really expect someone 
to go through that rigamarole? The 
manual suggests that if you are expect­
ing a phone call. you should plug a 
phone into the middle socket. Wel l. if 
the whole phone is there. who wants the 
handset. too? Seems cumbersome to 
me. 

Overall. except for the buzzer. 1 like 
the PC:Jntellimodem. Good communica­
tions software can get around the other 
problems. and it does have call-progress 
signal detection. 

(continued) 





NEW~GENERATION MODEMS 

CERMETEK INFO-MATE 212PC 

This modem is smaller than the 
others-nearly half the size of the fu ll­
length cards-with the lowest chip count 
of any of the board modems. It will fit 
easily into an IBM PC XT slot wi thout 
bothering the board next door. 

Cermetek shrank its board by using 

some custom logic ch ips and by leav­
ing off a speaker. By now. you know how 
I feel about having my sound. However. 
Cermetek almost makes up for this 
omission by including two valuable 
features. 

First. a DB25 connector at the back 
end of the card can be turned into 
another RS-232 C port when you·re not 

using the 2 I 2PC as a modem. You can 
select the modem or RS-2 32C port 
using software or a pair of the 10 op­
t ion switches set with jumper 
connectors. 

Four more option switches set the 1/0 
(input/output) port address. so tha t the 
2 I 2PC does not limit you to just COM I 
and COM2. Some IBM-compatible com­

- - -----------------------------, puters have serial ports built into their 

What do you get when you cross 
1200 baud, free on-line time, 
and extra features at a price Hayes 
can't match? 

Data Rate? 
The MultiModem 

gives you a choice ­
either 1200 or 300 bits 
per second. So you can 
go on-line with the 
information utilities. 
Check out bulletin 
boards. Dial into corpo­
rate mainframes. Swap 
files with friends. 

On-Line Time? 
With the Multi­

Modem you get 
CompuServe's 
DemoPak, a free two· 
hour demonstration of 
their service, and up to 
seven more free hours 
if you subscribe. You 
also get a $50 credit 
towards NewsNet's 
business newsletter 
service. 

Features & Price? 
Of course, the 

MultiModem gives you 
automatic dial, answer, 
and disconnect. Gives 
you the Hayes­
compatibility you need 
to support popular 
communications soft­
ware programs like 
Crosstalk, Data Cap­
ture, our own MultiCom 
PC, and dozens of 
others. Gives you a 
two-year warranty, 
lops in the industry. 

TrademerkS- i\WfrJ Moctern. MiMrrCom 
PC MuJ#· rccn Sysrems. inc -Compu· 
Sc,...e Com~Sorva iri lOltnDtJOn SetYrC-e.s. 
an H & R Block com.Parr/- NttwsNer 
NewsN e. I , Inc - CI0$511Jlk M1C/OSlul. 
tne.- Dara Capture SoutheaSlem Sofr. 
wme - Smartmodem· Hayes M'rooc.om­
puror Producls. tnc 

MuHiModem. 


But Better? 
Yes. The Multi­

Modem gives you fea­
tures the Hayes 
Smartmodem 1200 '" 
can 't match. Features 
like dial-tone and busy­
signal detection for 
more accurate dial ing 
and redialing . Like a 
battery-backed mem­
ory for six phone num­
bers. All at a retail price 
of just $549-com­
pared to $699 for the 
Smartmodem. 

What do you get? 
The new MultiModem, 
from Multi-Tech Sys­
tems. Isn't this the 
answer you 've been 
looking for? 

For the name of 
your local distributor, 
write Multi-Tech Sys­
tems, Inc., 82 Second 
Avenue S.E., New 
Brighton, MN 55112. 
Or call us al 
(612) 631-3550. 

Now available in 
IBM PC Card Version 

MuttiTech•
Systems \11'1 

The right answer every time. 
Circle 119 on inquiry ca rd. 

motherboards. so that plug-in modems 
can't use those addresses. Cermetek 
also lets you address its board at 3 F8 
and 2F8 (hexadecimal). If your com­
munications software can talk th rough 
these ports (special versions of 
Crosstalk can. as well as the Modem­
Mate package that is bundled with the 
2 \ 2PC). you can sneak in an extra J/O 
port and bring a smile to the face o f an 
RS-232C junkie. 

Cermetek is an experienced modem 
manufacturer. and this is reflected in the 
sophistication of the command set. 
There are several test modes: analog 
loop. analog loop self-test. digital loop. 
remote digital loop. remote digital loop 
self-test. and end-to-end self-test. A 
"quiet" command. ZZZZ. silences the 
transmitter but keeps the modem off 
the hook. With INFO-MATE 212PCs at 
both ends. this command lets you use 
the telephone connection for voice in 
between data transmissions. 

And finally. the 212PC has call­
progress detection. The dialing com­
mands are flexible. The modem can wait 
for a dial tone or wait for a fixed time 
without monitoring for a dial tone. 
Unless you specify tone or pulse dial­
ing. the 2 I 2PC uses adaptive dialing. In 
this mode. unique to Cermetek. the 
modem automatically selects tone or 
pulse dialing according to what it senses 
on the line. After dialing is complete. 
status messages appear. Each R in­
dicates a remote ring: V is for voice: B 
is for busy: W means that the other end 
answered. but at the wrong speed: and 
A indicates data call connection. Multi­
ple status messages are allowed. and a 
response such as 

22 1-4 567RRRV 

A 


means that the number 221-4567 was 
dialed and rang three times. and then 
a voice was detected. The modem con· 
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Tektronix 40XX . 
Terminal Emulation 

EMU·TEKn• IS NOW AVAILABLE FOR 

IBM PC, XT, AND MOST COMPATIBLES 


• Access pcmerful mainframe graphics using: 
-PLOT 10 (trademark of TEKTRONIX, Inc.) 
-OISPLA (registered trademark of ISSCO) 
-DARC (available from OUESTEL, Inc.) 
-311d most similar packages and services. 

·Upgrade wllh complete software compatibility. 
• Increase versa1ility with options such as: 

-High resolution board support 
-Local pen-plotter support 
-Hard copy on matrix printer 
-Adv311ced communications program features 
-Other terminal emulat ions, including: 
-VT100 (trademark Digital Equipment Corp .) 
- RETRO-GRAPHICS (trademark'Olgital 

Engineering, Inc.) 

• 30 DAY NO·RISK TRIAL PRIVILEGE. 

Circle 63 on Inquiry card. 

• PC <1>mp11iblr PROM 2000 eaod 
• SI 00 "'~.,~~ PROM 200 md 
• Zt10-ln:uirtion 1cc:k11on Hlt!rnalbo1 
• PROM 1ne sohware stlee1 able 
• Pmonolity bOI for EPROMS r24 pins & 18 pins! 
• 2758 2516 27 16 2732 2732A 2764 27128 

27256 MC6874 
• E.PROM 'l'ttsiGn of mit.roptDCl!SSDr 

• 87481814918751 
• 16 2D •nd 24 pins Bl·POLAR PROMS 
• 20 and 24 pins Prog,ammahle Lo~lt 1n1y CPAU 

Advanced Microcomputer 
S111tem1, Inc. 
6802 N W 201h A1o1 ..nu11 
F1 l.iiud11 nt,,l4' . Aond• 33309 
Ptton" 130S.l 97.5 ·9S.IS 

Clrde 6 on Inquiry card. 

PERIPHERAL SWITCH 
AUTOMATIC SWITCHES 


FOR rBM PC 

Fast, easy, automatic way to share a 
printer or modem among many com­
puters. No software required. RS232 or 
centronics. It scans for peripheral re­
quest, connects to the peripheral, 
handles al l hardware handshaking, and 
releases the pon. LEDs display chan ­
nel selected and busy status. Attractive 
aluminum box. It channels-price: 

2-$200 4-$250 6-$300 8-$350 
MANUAL SWITCHES 


FOR IBM PC 

Uses PC board and aluminum box. 

It lines switched RS232-IO Cent-20 

RS232 1:2 $59(wow) 1:4 $89 

Centronics I :2 $99 1 :4 $179 

Free book with each order entitled 


Serial and Parallel Explained a RosE:z•Mc AND v1sA\V "'°Toow>eo (713)240-RQSE 
P.O. Box 742571 Houston, Tx 77274 

Circle 15 5 on Inquiry card. 

"IBM PC Compalible 

[pCP1peuneJl 
E-PROMS - Call' Lowest PucesAnvwlle1c 

*4164-150/200 ... ...... . . .. 4so 
2764-250 .. ... . . . .. . . ... . . 675 
6116-LP3 ............ . ..... 499 
HMM 256K..... ... . . Coll for quote 
TIL Ports - now ovoll ........ Coll 

Disk Drives: (F.0.B. Tampa} 
*TM-100-2 . . . . . . . . . . . . . . . 16995 
*Holf-HeighlS-2 .... . ... ... .. 16995 
•10 mb Microscience w/coble 
& controller . . ............. 95999 

Add $3.95 shipping 10 all orders • Prices sub1ec1 10 
change· P.O.s on approval · C.0.0 OK · All new. no 

surplus. no seconds. QUANTITY DISCOUNTS 
4920 Cypress SI.. Ste. 100. Tampa. FL 33607 

In FL and for info. call 813-875-0299 
FOR ORDERS ONLY, 800-237-8910 

1• 1IZl 8AM- 7 PM EDT 

Circle 134 on inquiry card. 

N-CODE™ 
PROTECTS 

YOUR FILES 


• Super- fast Data Encryption 
• Unique Code for each User 
• Mu lti-layered Security 
• YOU selec t Coding Keys 
• Guards your IBM-PC fi les 
• 30-day Money-back Guaran tee 

5199 each . Demo Disk 510. 

For Orders1Free Broch ure 
(301) 564-8669 

K + L Software 


Wh ite Fli n t M a ll 


P .O . Box 2303 

K en si ngton . MD 20895 


Circle 93 on Inquiry card. 

COMPUTER PRODUCTS-GUARANTEED 
SAVE UP TO 50%'COMPUTERS ___________ 

IBM PC and compaOOles. Not1ll Stat, EC Ponallle and more Cal'PRINTERS ___________ 
Dyna< DX· IS (LO] par~,el 01 senal 1>425.00 
BtOlllet HR-25 par~~! or sena1 1695.00 
Ol<idala 92(160 cp.s.) CaU 
Panasonic I091dot tNlnx multrnode pnr\let Cid

'PERIPHERALS __________ _ 
ll<i'm: Tandon. Teac, NEC, Pan.,.n• and more 

Boards, mon~ors. plotters, cables and mote al low!$I prices


"ACCESSOIUES, ___________ 
l'Tlntei Stand.compotet co.ers, an mod<!ls ca~ 
Roll-Top Diskettes f'te !holds 100) m.95 
LF. H91 Oualiry 511" disks w~h illfb rings. SSDO 11.75, 0500 $2.25 
31/i" disl:enes, mag tapes, disl<paw, data caniidg&. etc. Cal'SOFTWARE ___ _ ______ _ 
Pead\lree A<aionting-Gl, AR, >P, lllvenlOf)' <A<!Uol, 

Paytal, Job Co$ling $385.00/H. 
Back 10 basics ser. lot IBM PC (accounlinQJ 
Home So.'!wate Li!1my lat IBM PC ard PC p $285.00 
dBASE Ill. u)!9Bde to dBASE DI, llba5', Peachlext 5000 C.U 
Harvard Projeci ManaCJE! and ot!te< soltware al batgain pnc.s

'TRAINING COURSE AND llAHDBOQ,,,_____ _ 
I.OM 1 -2~ . dBASE 11, W01dsi.r, Actomg and°""" 165.00/ei. 
EvllfYll""'S Database Pline! !Book) $14.95 
Educalilnal so~•are ard much mote c.m 

JU.NY OTHERS, AT LOWEST PRICE, PHONE OR WRITE 
.... MaH0tPllOll1 Your ()iier. • 
_.. LF COMPUTER PRODUCTS : 
8660-0 Miramar Rd. Sulla 265, San Diego, CA 92126 

(619) 566-6823 - Phone order full rebate 

LWt~~~~·~~~~,.';1~;:~~~ 

Grefe 94 on Inquiry carcl. 

Memorex seals Its floppy discs with a 
process It developed, called Solid-Seam 
Bonding. This seals shut everv Inch of 
every seam of every Memorex floppy
disc. 

PLUSI If you call, write/; or utilize reader 
service In response o this ad-we'll 
send you our full-range catalog of com­
puter supplies with Special Offers good 
for further savings on Memorex disk· 
ettes and many other quality products. 

LYBEN COMPUTER SYSTEMS 
12so-e Rankin or., Troy, Ml 48083 

Phone: r313> 589·3440 

Slmply ~1 In service & Rellab!lltv 

CERTIFIED 100% ERROR·FREE 

Circle t02 on Inquiry card. 

DUST 

COVERS 


For Personal Computers and Small 
Business Systems, Peripherals, Game 
Units - Protective, Long-Lasting Vinyl 
Resists Both Dust and Liquids. 

- CHOICE OF COLORS -
Amdek Franklin Ace 
Apple IBM 
Atari Kaypro 
BMC Okidata 
Columbia Rana Systems 
Commodore Siar Micronics 
Corona Televideo 
Eagle Texas Instruments 
Epson PLUS OTHERS 

GROUP/VOLUME DISCOUNTS AVAILABLE 

FOR FREE BROCHURE WRITE: 

ENCHANTED FOREST 


P.O. Box 5261, Newport Beach, CA 92662 
(118 Onyx) 

Dealer lnauiries Invited 

THE GRAYSCALER 
The Grayscaler works with your color 
graphics card . subst itutes si xteen 
brightness levels for color. Gives any 
composite green, wh ite or amber mon· 
itor the crispness & power of RGB at 
a fraction of th e cost. Software lrans­
parent. Just $59.95. Call Now Toll 
Free 1-800-824-7888. Ask for Opera­
tor 157 (AK . HI 1-800-824 • 7919) 
visa/ me 24hrs 

Avocado Computer 
17352 Yorkshire Ave. 

Yorba Linda, CA 92686 
714-528-1025 

Clrde 16 on Inquiry card. 
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