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Abstract 

This paper describes language constructs for 
creating a very high-level language as a tool for 
computer system design. In order to describe the 
complexity of a computer system, this language 
permits descriptions in a heirarchical manner at 
different levels of system detail and at various 
cross-sections of system structure. It allows 
descriptions of system hardware, system software, 
and the interactions between system hardware and 
software. 

Introduct ion 

The description of the computer system is 
of great importance in computer system design. It 
is important because we need to understand how the 
hardware ~orks, how the software works, and how 
the hardware and software interact. We need tech- 
niques to describe the computer system for docu~ 
mentation as well as for human communication. The 
past failure to develop a successful way to des- 
cribe computer systems physically may be one of the 
major reasons why computer system design has not 
been widely recognized as a distinctive and unique 
engineering subject. 

Review of Description Techniques 

The modern computer system has been in 
existence over 30 years, since the advent of the 
digital computer ENIAC. Techniques have been deve- 
loped to describe a computer system (system units, 
system interconnection, system architecture, or 
system design), yet no technique has satisfactorily 
described the system at desired levels of details 
or at chosen cross-sections of system structure. 
The known techniques include Englsih narrative, flow 
charts, block diagrams, HIPO charts, and PMS des- 
cription. 

(a) E nglsi h NaT,rat]i~ ~ 

Engli'sh narrative ±s the most commonly 
used technique. It is descriptive and understand- 
able, but it is lengthy and imprecise. It is often 
used as a supplement to other description techniques. 

(b) FLow Chart 

The flow chart was first introduced by 

yon Neumann in the early 1950"s, It describes a 
control flow (or a sequence of data operations), 
but it does not describe the operands or names. It 
can describe an algorithm at various levels of 
detail of the computer system, but it does not 
describe concurrent or parallel operaions. It has 
been widely used, yet it is highly inadequeate. 

(c) B1_ o~k Diagram 

The block diagram is widely used for 
describing a computer system. It identifies the 
system units and indicates (partially and incom- 
pletely the data and control paths of the computer 
system. It is pictorial and thus highly descrip- 
tive, but it gives no description on actual system 
architecture and system operations. 

(d) HIPO Ch~rts 

HIPO, Hierarchy plus Input-Process- 
Output, consists of two or more component charts. 
It describes the input, output, and functions of 
a computer system. The HIPO charts are more use- 
ful for analysis or system requirements specifi- 
cations. 

(e) PMS Descripti0n 

Bell and Newell developed a notation 
technique for representing computer hardware at 
the the system level [3]; this technique is known 
as PMS description where P, M, and S represent 
processor, memory and switch of a computer system, 
respectively. (Additionally, there are T for trans- 
ducer, K for control, D for data operation, L for 
link, and C for computer.) 

The representation of computer hardware 
at the system level can be done by using these 
characters ~nd lines to form a diagram called a 
PMS d~ag~am I However, the PMS diagram fails to 
descri~be the lower levels of hardware details. It 
also fa~is to describe the sequential operations 
of the sytem, It describes neither the software 
p~t of the computer system, nor the interaction 
between the hardware and software of the computer 
system. 
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Desisn Descriptio of Computer Systems 

Language constructs that can describe a com- 
puter system hierarchically are presented below. 
Language constructs that can describe the hardware, 
the software, and their interactions are also 
introduced. The mechanisms that provide inter- 
processor communication are also presented. 

(a) Hierarchical Descriptions 

Computer systems involve both hardware 
and software. Since they can be quite complex, they 
need to be shown at different levels of system 
details and at different cross-sections of system 
structure. Hierarchical description of a computer 
system can meet such a need. 

Hierarchical structure of a computer 
system can be described by using the level number 
as a language construct. As an illustration, 
Fig. 1 shows the hierarchical descriptions (in 
skeleton) in three levels of computer system XYZ; 
they are called "level descriptions". These three 
descriptions called A, B, and C are shown in more 
details in Figs. 2 to 4. Description A in Fig. 6 
identifies system units in four levels in a tree- 
like relation. Description B in Fig. 3 shows the 
additional details (the loop statement at level 03 
of multiplexor MUX) of the interprocessor communi- 
cation between the memory on the one hand and the 
processor and the two channels on the other hand. 
Description C in Fig. 4 shows the interprocessor 
control which is achieved by the hardware sema- 
phores in the control loop of each of the four sys- 
tem units. These are the four loop statements at 
level 03 in each of the memory, processor, and two 
channels. These descriptions are direct, under- 
standable, concise, and precise. More levels can 
be used to show additional system details. 

Instead of showing more levels, a descrip- 
tion can show, for example, the details of channel 
A; in this case it is called a "cross-section de- 
scription". By means of the level descriptions and 
cross section descriptions, a computer system can 
be described at particular levels of details, and/ 
or at particular cross-sections. 

(b) Hardware System Design Description (Fig. 5) 

There are a number of computer hardware 
description languages [1-7] which offer various 
language constructs to describe computer hardware 
at different levels of abstraction. CDL [1,4] de- 
scribes the computer elements at a one-to-one cor- 
respondence level including timing and thus has the 
important advantage of direct visualization of com- 
puter hardware. (CDL may also describe asynchronous 
operation but this is not well known because of the 
current limitation in the CDL Simulator.) 

A study has been undertaken to extend the 
computer design language, CDL, with additional lan- 
guage constructs to become a microcomputer design 
language, MDL, [12]. The MDL permits hierarchical 
description. An example is shown in Fig. 5 which 

describes a hardware "music playing" microcomputer 
in 3 levels; level numbers are used to visibly show 
the hardware structure. The microcomputer consists 
of a ROM to store the music-score codes and an in- 
terpreter (which interprets those codes), an SC/MP 
microprocessor, and a loudspeaker. The micropro- 
cessor reads the music-score code, interprets it, 
and then generates square waves to drive the loud- 
speaker at the frequencies and durations specified 
by the music-score code. Description A is a "chip 
identification level" as it identifies the chips 
of the music playing microcomputers: A PROM, an MPU, 
and a speaker; there are only 2 levels, 01 and 02. 
Description B is a "chip interconnection level" be- 
cause it shows the interconnections of all the 
chips; inner levels, 03, are added to accommodate 
the interconnection statements. Description C is 
a "chip description level" which gives the descrip- 
tion of the internal structures on the chips and 
the sequences performed by the chips. Additional 
levels, 03, are added in the MPU to describe the 
registers and sequences of the National SC/MP 
microprocessor except that the registers and the 
sequences are indicated in a skeleton form for 
brevity. 

(c) Software Design Description (Fig. 6) 

It is important and necessary that the 
hardware and software of a computer system can be 
treated alike at the system design level. It needs 
to describe both the software and hardware parts 
of the computer system, and the hardware and soft- 
ware descriptions should be in a uniform syntax. 
Chu has extended the CDL to software description 
and has developed a software design language, SDL-I 
[8-10]. An example is shown in Fig. 6 which de- 
scribes in skeleton a lexical scanner. Level num- 
bers are used to show visibly the program structure, 
procedure structure [ii], data structure, and their 
reference structures. 

The overall consideration about SDL is 
understandability of the software design. There 
are two types of statements: control flow state- 
ments and data flow statements to describe the 
control flow and data flow, respectively. SDL is 
relatively simple in control structure, but rich in 
data types and data structures. There are adequate 
data operations provided for these data types and 
data structures. It is a design language which 
enables the software engineer to describe a soft- 
ware design which is complete, precise, and struc- 
tured. 

(d) System Hardware/Software Interaction(Fig. 7-10) 

System hardware/software interactions 
means those between system units and the program 
in execution. Such interactions include the hard- 
ware interrupt from a system unit to the central 
processor as well as from the processor itself, the 
system call or trap by the program, the operator 
intervention from the console, the I/O device- 
enables and data transfers, virtual memory opera- 
tion, and concurrent and parallel processing among 
system units. A computer system design language 
should be capable of describing these interactions 
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in such a manner that these system functions and 
operations can be fully understood and their de- 
scriptions are precise and concise. 

In a conventional computer system, the 
program being executed is stored in the memory (or 
partly in the memory and partly on the disk). The 
approach taken here is to expand the levels of 
memory description to the level of program details. 
An example for describing the interaction in ske- 
leton is shown in Fig. 7 where level 03 description 
of memory indicates the programs (system area, pro- 
grams, and I/O area). 

A more detailed example of the descrip- 
tion of a computer system design is shown in Figs. 
8 to i0. This example describes the computer sys- 
tem PDP 11/45 at the Department of Computer Science 
of the University of Maryland. Description A in 
Fig. 8 identifies system units, system levels, and 
system bus. As shown, this computer system has 
two disk units, one Deewriter, one printer, and an 
interface to the Univac computer systems at the 
University. Description B in Fig. 9 shows the 
details of the system program (an input-output sys- 
tem) in the memory. It consists of a memory area 
for semaphores, one main procedure, the procedure 
for handling the trap, the procedure for handling 
the keyboard interrupt, and procedure for handling 
the typewriter interrupt. The P/V operations for 
the the two semaphores are incorporated in the 
trap handler. Descriptions C in Fig. i0 shows 
further details on hardware and software inter- 
action between the PDP-II and the system program. 
It consists of the interrupt handling in processor 
P, the trap and interrupt vectors, the unibus loca- 
tions, and the registers for the keyboard and 
typewriter, and their activations of the interrupt 
signals. This simple input/output system has ac- 
tually been implemented on a PDP-II/45 computer 
system as a student project in a senior operating 
system course. 

The above illustrates a unique approach 
to describe the interactions between computer sys- 
tem hardware/software at a chosen level and at a 
chosen cross-section. This approach differs from 
the traditional one of mapping a software model 
onto the computer hardware system. 

Concluding Remarks 

A very high-level language for computer 
system design can be created with the above con- 
structs to serve as a design tool for describing 
a computer system design. This language is capable 
of describing: 

(a) a structure of a computer system design 
at various levels of details and at var- 
ious cross-sections of structure. 

(b) interprocessor communication among pro- 
cessors, memories, I/O interfaces, and 
other system units, 

(c) computer (hardware and software) system 
architecture, and 

(d) the interaction between computer hardware 
and software. 

This language has syntax uniformity in achieving 
the above capabilities. This language is capable 

of describing the design directly, understandably, 
concisely, and precisely. The design described by 
this language can be used as a high-level "design 
blueprint" for the computer system design. 
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/" HIEP,~zr ,~  DESCRIPTION OF ~Ptrr~'m $ys'r~ ~c~x'rsc-ruRs */  

/* DSSCRIVTXO. A: SYs'V~ [JszTs ~ t.~m.s "/  
0.1. ¢.~p~¢~_S,f,,~a 

lm~ 'Jr~ 

/ "  OEsr.~lv'rzoN B: ~tORY..ACCESS ~ULTIPL~XIN6 " /  

~n Cmqm~.~ S~r .~ XXZ 

O3 ~ )*(0-31) 

02 .P'z~m~r 
03 ~ P(0--31) 

03 ~ C~(0.-31) 

/ "  DSs~x~:oN C: I~ERPROCESSOn ~tr~ot. " /  

O3 ~.- P(O.-3.~) 

02 ~uame.L A 
O~ Z~a.e ~"a-(O-w,) 

Z.O0~ 

O~ ~ 3  
03 t,,8 C:~(0--31) 

~ ' ~ X ~  

F i g .  1 H i e r a r c h i e a l  D e s c r i p t i o n  o f .  a c o m p u t e r  
System Architecture 

/ *  HIErARCHICAl. DESCRIPTION OF COMPU'I"E~ S Y ~  ~RCHITECTURE X ~  Q/ 

/ e  DESCRIPTION A: SYSTEM UNIT~ AND ~"V'EL~ e /  

a2 l'z'~.mm~ CI'U 

03 Cam:=~l.~ ~rr 

06 Z~.~ O~ 

Fig. 2 Hierarchical Description A of a Computer 
System 
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/ *  DESc:~:PT:O~ B:  ~ORY_~CCES~;  ~ULTIPLEX:NS * /  

O3 - . . -  ,~(0.-~.) 

~ . ~  :3, ~m; ~ c ~ " : _ ~  ~ ]~: : - :  :~ '~  

02 1,.~c u m w  

~ ~ (0--31) 

~2 r'Jmm..1 • 

O3 1 " "  ~ ' ~ ( 0 - - ~ )  

O3 Cms=~1.~.¢= JZ 

O3 ~ ~ ( o - 3 1 )  

O3 Cm==zal.l~= ~ r  

06 ~Lsk ~ 

Fig. 3 Hierarchical Description B of a 
Computer system 

/ "  DeSCRXPT;ON C: [NT~PROCESSO~ ~rRoz. "/ 

a2 ~ 
O3 ~ X(0-31) 

02. l~-~:e~mm~ 
03 ~ P(O-~L1.) 

~ S  X ~ Z S :  3 
~-~_ ~ 1~: / *  ~ co .==~  * /  

02 C~m=el A 
03 1-,- (:gk(O-~LI) 

02 ~,.~,.I 3 
O3 ~-- ~(0-31) 

~ m  w,r, 

Fig. 4 Hierarchical Description C of a Computer System 
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DESCRIPTION A DESCRIPTION C 

01 D'ESZGX SC,/'I~/USZC-ilC~ 02 DESI~'~q SCItO'-HUSZC-BOZ 

02 F / C ~ - . ~ 2 ~  ~( 'addresu r a a s , ' )  02 ~ C ~ $ 2 C 6  ~( 'addrsss  r a n i s ' )  
O3 p ~  

AO(0-9) : : -P.A0(0-9)  
02 ~ Sl~ 0~ (0 -7 ) : : - : : ? . 0~ (0 -? )  

C 7 . ; : - P . ~ $  

O3 ?TN 
DESCR IPT~fON ]~ ~D (0-11) - :  :~.AO ( 0-9)-~ 

03(0-7) : : - :  :~. 0~(0-7) 

O3 713 
Colrr: : -12 

~D(0.-g): :-P.XD(C-.g) 
08 (0-7)  : : ~ :P .O~(0-7) E~00T 
CZ: :-P. t t~S NtZQ: : -0  

n~ I~"O-SC/~" P T'~G(O'-2)-::Sl ' .5~U,I~ 
SEXS~(A,]S) 

O3 P'~ X(1-2) 
XO(0-L I ) - :  :~. ~o (0-9) -0  S(~,0UT) 
0B(0-7) : : - :  :H. 0B (0-7) 03 ] U ~ S T ~  

P~J. (O-L1) 
NI~OLO~ : "12 ]~L~( 0-.11 ) 

1~t3(0-1;) 
CC6"T: : - 1 2  A(0-7)  

X(O-7) 
S(O-7) 

S~5~(A,3)  
X( I -2 )  ~XOS 
S(~X,OOT) 

O2 ~ S? 02 S ? ~  S? 

03 PZ:~ (13 p$~ 

, q ~ ' . :  :-P. ?',.~G (0) r,Q~AV~." :-P.;~.AC(O) 

Fig. 5 Hierarchical Description of a hardware 
"musical playing" microcomputer 

01 Dzsz rm SI~CZTr_~0N 
/*2~fJ ~- :be s::uc~zcad des~4~ o t  ~ la~.~L1 S C a ~ * /  

O2 
03 ~ DECT.JUUL~0B 
I1 10 ~ / * :~L= ] ; :olW~ of  :he Sca==~*/ 
#2 20 sca~ /*re=oh =e~: STabOl 'a~d ~.=8 /n=e~a3. codee/ 

#6 40 ~ k u ~  /*seErr.b =sble*/  
t5  S0 ~ / * p ~  ouc 1: ' to:  ~ s a g s  ~o: ~ 1 1 ~ 1  cJu~' /  
o3 7Roc~m~ s - n m c ~  
#1 10 ~ :  :-Isc~z~,nexr.ch~ 
t2  20 s c ~ :  : ~ / ~ , ~ ,  a~-or, ~ k = p  
#3 30 a ~ r . ~ s : :  : - / loo lmp 
#4 4O look:p 
#.5 30 

O2 

03 0A2L DEC~L27.0~ 

1= C~ ST~2~, /*hol~Ls the sou:ca pz~Sr~ s ~ r ~ * /  
s~ OF ST~U~, / * u s ~ b l e s  c.~cac=~s , ~ o  • ~oluma/ 
£ 07 ~ /*po:Us=~r r.o b , ~ e :  t= * /  
Ioczc~o= O3" ~ / *sco:s  p a ~ : ~ :  I ~ r  • :=ium~/ 

C~ :olum-scz~_~, 
02 c 07 ~ /*L=cm-:~l code o~ each : o k ~ * /  
02 = C~ lgo~Os]~4 l * p o ~ c z r  co ~ ~,,-I 

O3 ~ S~U~C'Z:IL~ 
~ u r r ~  :L=:: -rod.=, ~mcr.ha: 

14 m a ~  
£ mI~',, scan a~cccha.1~ 

r ~ k ~  scz'lwl: : ~ L ~ ,  SC~ 

O2 S r ~ C ~ 3  

(23 b";~TC3 OECZJ~U~TZC~ 

O2 
[d"':l..=.~c:f.m~ o~ ~ p : o c a d ~ ]  

Fig. 6 A Software Description in Software Design 
Language SDL-I 
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01. C,~I~=~ ~ . m  ~ Z  

03 ~ u  ~(0".31) 

o.1 L , ~ . ~ =  (O.-L~ 

~ = l Z  of  

O3 ~ CD(O.-'~) 

Fig. 7 Hierarchical Description of Fig. 8 
now showing where the software 
descriptions are located. 

/ *  ~uK~-:l.pr,:lau A: STul:n I*~,tDB, uu.'L~, amd ~ * /  

01. ¢ampuu~ STs'c~ ?~r2.,1JA.~ 

02 ~ ,*(0-56,000) 

O3 ~'o Eu-'mu 

02 ? ' : ~ e ~  ? 

02 ~ U(O,-.~) / *  -,m,'r~a.I * /  

,k(12-00'), / *  a d d : ~ l  bua *'/ 
0 ~ 0 " ) ,  / *  4a..'r,a, ~ *I 
CO.-O), / *  =0==:~I. ~ * /  
~ ' ~ ,  / *  ~ = ~  ~ =  * /  
$S'~, / *  ~ #T== * /  
l'.t, / *  ;~"~.='I mm:Ll.~., *1 
1~, / *  p~'J.L-?' b£= * /  

/ *  = o = - t ~ - o c ~  :eq~m= * /  

/ * ' = m ~ F ~ u , m ~  I;~'~= * /  
~ . - 4 )  / *  ~ l :3== * /  

I* m~,.,*,==:~ .--~-,,,.".v1*dl;. *I  

~ ' ~  / *  ~..=~=-~-~: * /  
/ *  ~L-L=:La.I.:L~ 01 
/ *  ~C ~ ~c~ * /  

02 T't*~-'~a,c. 0(3-I#0 

03 O~"VAC 'L,I,08 

02 ~le& mr 

O30:L,Ik O~O 

O~ 01lk 010. 

03 r t yoo~d  lm 

Fig. 8 Description A of Computer System 
PDP ii at UOM 
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/ *  HZ[~ARCHZC~L 9ESC.qZPTZ'0N OF COtCOUT~ SYs'r~ PDpI"I * /  

/ *  DESC~IPTZON B: PROG~U4 DESCRZPTZ0N * /  

01 COPIPUTER_SYS'I'~ p~p l l  

02 P~ocum~: ~ / *  C2U of ~ 1~1.1J45 */  

02 Bu~ 1~(0-5..q) / *  ~ o~' oh*  m r . ~  * /  

02 ~mmc'~. ~(o-$6000) / *  ~ ~ * /  

S a ~ b o ~ e  ~ /*k,r~t~s=-d bus?b:f.= * /  

1%-ocadu=e 

31~S_LOC(OOOO32--OOOO33):..OOO3AO; /*Z=sNt~ P'=zqrcaa sr.~cu~ */  
3~S LOC(OQQQ62,-~O063):-O00200; /*Z.cu~cl: P ' : 'o I~  st~c~8 */  

Z~p 
sec ll~J~(7,0) co 1; 

S*c ~:SZ(7) co 1; 
w,,4"t ~.~p 

J~ID ~k121 

/*enabZ~ Ica~oL~d and .:Luca='~'.upc b:Lcs * /  

/*'~"mu~e:r Co cT'pm,-'rLc~r da t a  bu.f~'ez'. * /  

see I~S~.(6...O) To looq; 

Znc.a~'up c_.P~oc~du=a T'Z ~ ,~ ; D l ,~  

s*c T~s~(6-o) To 100q; 

znc*=~p c . , - =¢ : ;  

Fig. 9 Description B of Computer System PDP ii at UOM 

zn~x-.~q~c ~c~e ~_wA~m~,m ~ ; 

~t PTOI~R--SCZ~; 
Sawe ~.s~s; 

C4ae~ Of 

1"/~: /.1' apan.c:f~u fc,-c k ~  * /  
Dec=zmem.C PS'J~ by 1;  

1;;~LC U=.Ct.1. ~ - 0 

Vl~,: /*V op*ra.c:Lcm, f c¢  I c ~  */  
Znr~mumc ~ by l ;  

1'71." /*P ~a~CCou fc¢ C71~m*z-J.Cic * /  
Dec=am~C It3~f bY 1; 
Laop ~t.~ Unt=f3. ~ ~Ll, oop; 

/,,V a1~-IC~.ou foc cTpme~cs~' * /  
.~:=mmmc ? S ; ~  by l ;  

IbmcJ~e ~eC:Lmcm:#; 

Zud ~ ' _ ~ m ,  or, 

02 Zn.ck='~scs IX:~.Pl 1, .~ 'Tn, . .L~e.a .~ .~ , , . - r~ , l '~T, - ,~m */  

02 O'LT~,:-le.ma'~_*,-c.,q ~C 

02 ~ c ~  D~.  

~ ]c~yoo,u.d ~:3 

wm 1,t.71.l 

Fig. 9 Continued 
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/ *  Hz~c~zc~z. OescezeTzo, ov C~eu'ree SYsTe.~ POP~ * /  
/ *  ]]ESC~ZPTZON C: ~ A e E  ANO SOF'T',~E Ih'T~e, AC'I'ZON * /  
0.1. C~eU'r~_SYSTe~ F~P~ 

02 l~c~=ess~: 1= ] *  ~ 0£ ~ Z"D.Yll]4.~ * /  

I f  ]2r~ ~ ~ ~==,,~u~r-l"e I"~--~1~L~. ~L~.~'; 

02 ~=a '~(0 -55") 1" ~ e f  ~ r# '~=~ * /  

03 * a a ~ s . . ~ s  ~.(17...0) / *  ~=~ loe.~=~,~ ~m -a~,-en ;~s * /  

3~S,.'r"OC(777';60-7T'/-~6~.)=~"5~(1-,~-0) /~qr.mz~xmz'd sr.a;:=~ :q:~st:~L" * /  
~WS_1.0C(777:~66-777.~67)- '1 '~) /*~ppat"J.=~c= c~cz ~ 1 ~ =  = ~ : m :  * /  
3DS ~(7T756~-777';6.~),.'~:S~(13-~) /'t~":~e~"l:m= l=a=~l :~ .~ t :m:  * /  
3DS--'r-OC(~-TT77~-177777)'~S(1-,x-O) /*l~OCamm= s - - = ~  vaz.4 * /  
3~S ~0C(000030-O00033)-D~ ~ / * l oe . r , . . ~  of  ]~Z-~--,~m: =~=-m==L=e*/ 
2WS.I,CC(C~OO6G-O00063).tC:3 ~ /*l~.~'..fam ef  ~ b ~ = a  ]um=Ll~ sub=.*/ 
3~S Z.CC(OOOOS~.OOOO67)~I'~JL~OZ.Z~ /*loe.zt::Lm~ ~E =~'pe,a=t=a= ham~Ll~ s=bz'.*/ 

02 ~-~,..~ ~(o-560e0) / *  ]~L= ~ *1 
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/*T.=t=ta11~ :mphe=e  I'S~'~ * /  

/ * " ' ~ i a  ~=cuu:d s=d ~,,c~r='=;== bt~s * /  
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Fig. i0 Description C of Computer System PDP Ii at UOM 

~ =  ~'s~(~-o) To 1 ~ ;  
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~um 1~ O~ 
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I m : : ~  ~ by 1; 
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03 ~'Tl~rr~Lr.e~ 

Fig. i0 Continued 
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