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IPL-VC 
A COMPUTER SYSTEM HAVING THE 

IPL-V INSTRUCTION SET 

by 

Donald Hodges 

ABSTRACT 

Shaw et al. (Ref. 1) have descr ibed a possible hardware computer , 
called IPL-VI , which showed the impor tant features such a machine should 
have for its IPL-V ins t ruc t ions , but the input/output and a r i thmet ic in­
s t ruct ions a r e not cons idered . However, with the a r r i v a l of the p re sen t -
day module concept of a r i thmet ic computer organization, a new possibil i ty 
a r i s e s for the const ruct ion of an IPL-V hardware machine. To convert an 
a r i thmet i ca l computer into an IPL-V sys tem, it could be provided with a 
second p r o c e s s o r which opera tes with cer ta in bas ic IPL-V "J" p r o c e s s e s 
as its ins t ruct ion set . The second p r o c e s s o r would requi re d i rec t a cces s 
to memory for its data and ins t ruc t ions in o rde r to be able to operate at 
as fast a speed as the m e m o r y would allow. The ins t ruct ion set of the s e c ­
ond p r o c e s s o r should be all the bas ic l is t operat ions . The remaining l i s t 
operat ions could be built up as rout ines from these basic opera t ions . All 
the a r i thmet i c and input/output p r o c e s s e s would be performed in the o r ig ­
inal a r i thmet ic p r o c e s s o r , with the Lis t P r o c e s s o r taking ca re of any n e c e s ­
sa ry l is t "bookkeeping." The neces sa ry data and a d d r e s s e s would be 
communicated between the two p r o c e s s o r s by pre legis la t ion of memory 
locations where the p r o c e s s o r s would find the re levant information when 
reques ted to pe r fo rm an operat ion. Thus, there would have to be some 
means of t r ans fe r r ing control back and forth between the two p r o c e s s o r s , 
p resumably some form of in te r rup t sys tem. 

The advantages of such an approach to an IPL-V hardware sys tem 
over building a completely new sys t em a r e as follows: 

1. A la rge , fast memory , as provided with p resen t -day , l a rge , 
a r i thmet ic computer s y s t e m s , would be available. 

2. The a r i thme t i c and input/output facil i t ies would be immediate ly 
available and as fast as poss ib le . In addition, the wealth of input/output 
devices on a modern, l a rge , a r i thmet i c computer instal la t ion is much g rea t e r 
than could be justified for an IPL-V computer itself. 

3. An I P L - V s imula to r p r o g r a m would be available on the or iginal 
computer . The actual IPL-V sys t em presumably would not contain al l the 



excellent t racing, dumping, and snapshot procedures that a re available in 
the s imula tor and a r e so useful for p r o g r a m debugging. 

4. The cos t of building a fairly simple Lis t P r o c e s s o r would be 
considerably less than that of building a completely new computer . 

F o r such an IPL-V computer to have universa l use , its input should 
be p r o g r a m ca rds identical to those used for input to presen t -day IPL-V 
s imula to r s , as specified in the IPL-V reference manual (Ref. 2). This 
would, however, r equ i re a new a s s e m b l e r to set up the p r o g r a m in s t o r ­
age in a suitable manner for the IPL-V sys tem to be able to execute it. 

I. INTRODUCTION 

Most work in digital computer engineering has gone into the con­
s t ruct ion of fas ter p rocess ing units for the performance of normal , nu­
m e r i c a l a r i t hme t i c . However, some c l a s se s of problems do not use 
conventional a r i thmet ic p r o c e s s o r s as efficiently (from the point of view 
of speed and, in genera l , the quantity of hardware) as they would use a 
special p r o c e s s o r built to solve the pa r t i cu la r problem. Because of its 
c o m m e r c i a l appl icat ions , only the a r e a of business data process ing has 
rece ived any se r ious attention. Another a r e a which is arousing i n t e r e s t 
in scientific data p rocess ing is that of the heur i s t i c , or gestal t , type prob­
lem. This may in genera l be c l a s sed as ar t i f ic ia l intel l igence, covering 
such a r e a s as learning, pa t te rn recognit ion, automatic t rans la t ion , and 
problem solving; the game-playing machine is one application most easily 
understood by the layman. However, the same techniques developed for 
this type of p rogramming now appear to have application in the organiza­
tion of la rge collect ions of information, such as la rge bus iness files and 
l i b r a r i e s ; detai ls a r e given in Ref. 3. 

In a r i thmet ic compute rs for the applications descr ibed he re , it has 
been found convenient to define new programming languages which a r e 
c lassed as Symbol Manipulation Languages. To achieve a working machine 
obeying such languages, s imulat ion p r o g r a m s of such machines have been 
wr i t ten on conventional a r i thmet ic compute r s . Five major languages have 
been developed, and these a r e reviewed in Refs. 4 and 5. They are COMIT, 
a sys t em for helping in automatic t rans la t ion (Ref. 6) and four genera l 
in format ion-process ing languages: LISP 1.5 (Refs. 7, 8, 9), F L P L (Ref. 10), 
IPL-V (Refs. 2, 11), and SLIP (Ref. 12). Although descr ip t ions of the f i rs t 
two information languages exist , there is little published work involving 
their use . However, with IPL-V, not only the original des igners of the 
language, but o thers have used the language as a working tool. The uses 
of the language a r e reviewed by A. Newell in Ref. 13. Other applications 
or adaptat ions of the pr inc ip les a r e given in Ref. 3, and a use at Argonne 
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i tself is given in Ref. 14. However, since all these applications use s i m ­
ula tors on machines other than an IPL-V machine, they a re slow, and it is 
difficult to gather information on their operation. 

This r epo r t then p resen t s a proposal for the real izat ion of an 
in format ion-process ing computer having the IPL-V pr imi t ives as its in­
s t ruct ion set . The r e a d e r is a s sumed to have a working knowledge of the 
IPL-V language as desc r ibed in Refs. 2 and 11. 

The pr inc ip les of the equipment descr ibed he re could well be ap ­
plied to mos t of the p re sen t -day large computing sys t ems , such as the AMD 
GUS sys tem, IBM 360 s e r i e s . Burroughs 35000, etc. However, these pr in ­
ciples will be desc r ibed in detail for the CDC-3600 sys tem, as owned by 
the Argonne National Labora tory , because this would be the most suitable 
machine present ly at the Labora tory for the a t tachment of such equipment. 
The other a l t e rna t ives a r e the IBM-704 sys tem and the Argonne-buil t GUS 
sys tem. The fo rmer does not readi ly lend itself to the type of convers ion 
to be descr ibed , while the la t te r is handicapped by smal l memory s ize , 
lack of suitable input-output equipment, and the absence of a wri t ten IPL-V 
s imula tor p r o g r a m . The convenience of having a s imula tor , even on a ha rd ­
ware IPL-V machine , is obvious to an IPL-V p r o g r a m m e r . The s imula tor 
p r o g r a m s contain excel lent t rac ing, dumping, and snapshot p rocedures . 
The r e a d e r is a s s u m e d to be famil iar with the CDC-3600 as descr ibed in 
Ref. 15. The CDC-3600 has the following convenient features for conver t ­
ing it into an IPL-V ha rdware sys tem (henceforth called IPL-VC): 

1. A fast ( l - | - -microsecond cycle t ime), 64,000-word, random-
a c c e s s m e m o r y . 

2. E a s e of a t tachment of equipment direct ly to the memory . 

3. Working input-output equipment of all types. 

4. A h igh-speed conventional a r i thmet ic unit, with the provision 
of one l i s t - p r o c e s s i n g ins t ruc t ion a l ready built in, which is all 
that is needed in the a r i thme t i c unit itself. 

5. An IPL-V s imula tor p r o g r a m wri t ten for the CDC 1604, which 
is being converted to be suitable for the CDC-3600. 

Severa l papers have been wr i t ten proposing the ha rdware design 
of a l i s t - p r o c e s s i n g computer . Reference 16 desc r ibes the possible modi ­
fications to the 7090 to make the F o r t r a n List P roces s ing p rocess more 
efficient. Reference 17 is a m e m o r y organizat ion for a l i s t -p rocess ing 
computer with no spec ia l r e fe rence to a pa r t i cu la r language. Reference 18 
detai ls the complete design of a l i s t - p roces s ing machine which is in no rea l 
re la t ionship to any of the previously descr ibed languages. References 3 
and 19 desc r ibe the design of a p r o c e s s o r which the authors believe 
r e p r e s e n t s an extension of the fundamental concepts of an associa t ive 
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memory and the IPL-V language. The main point appears to be the use 
of var iable- length data and a proposal for a s imi la r piece of equipment, 
called ADAM, has been descr ibed in Ref. 20. Reference 1, wri t ten by the 
or ig ina tors of the IPL-V sys tem, desc r ibes a possible computer which 
they have called IPL-VI , However, they do not detail the ar i thmet ic and 
input-output of IPL-VI. IPL-VC, now to be descr ibed, drew much inspira­
tion from Ref, 1 (which appeared as ear ly as 1958), 

II. GENERAL DESCRIPTION 

To convert an a r i thmet ica l computer into an IPL-VC system, a 
p r o c e s s o r mus t be provided which opera tes with cer ta in basic IPL-V 
P r imi t i ve s as i ts ins t ruct ion set . This p rocesso r requ i res d i rec t access 
to memory for its data and instruct ions so that it can operate at as fast 
a speed as the memory will allow. The basic Pr imi t ives that this p roc ­
e s so r would per form a r e the operat ions on, and testing of, l i s t s . The 
remaining l i s t -p rocess ing Pr imi t ives would be executed in this p rocesso r , 
built up as routines from the bas ic Pr imi t ives , All the ar i thmet ica l and 
Input/Output P r imi t ives would be performed in the original a r i thmet ica l 
p roces so r , the Lis t P r o c e s s o r taking ca re of any necessa ry "bookkeeping." 
The neces sa ry data and a d d r e s s e s would be communicated between the two 
p r o c e s s o r s by pre legis la t ion of where in memory the p roces so r s will find 
the relevant information when requested to perform a par t icular operation. 
Thus, there must be some means of t ransfer r ing control back and forth be ­
tween the two p r o c e s s o r s ; it will be assumed to be some form of in ter rupt 
sys tem. While the sys tem may be sophisticated la ter , the initial a s sump­
tion will be that only one or the other of the p roces so r s will be active dur ­
ing a run of a p rogram; i .e . , no concurrency of operation will take place. 

New Equipment 

IPL-V 
Processor 

Satellite 
Coupler 

CDC-3600 System 

64K 
Memory 

Communication 
3602 Module Control 

3604 
Processor 

Having d e s c r i b e d the s y s t e m in g e n e r a l t e r m s , we wi l l now d e s c r i b e 
the I P L - V C s y s t e m u s i n g a CDC-3600 a s the o r i g i n a l c o m p u t e r ( a b l o c k 

d i a g r a m is shown in F i g . 1). The 
CDC-3600 m e m o r y s y s t e m p r o v i d e s 
for the connec t ion of five d e v i c e s 
wh ich a r e s e r v e d in a f i r s t - c o m e , 
f i r s t - s e r v e d , cyc l i c o r d e r . In the 
A r g o n n e CDC-3600 s y s t e m , only 
two d e v i c e s a r e connec t ed ( the 
3604 P r o c e s s o r and a 3602 C o m ­
m u n i c a t i o n modu le ) ; thus the a t t a c h ­
m e n t of a new d e v i c e hav ing d i r e c t 
a c c e s s to m e m o r y i s i m m e d i a t e l y 
p o s s i b l e wi th no mod i f i ca t ion to the 
m e m o r y s y s t e m . F o r the c o n t r o l 
c o m m u n i c a t i o n b e t w e e n the two 
p r o c e s s o r s , one of the da ta channe l s 
could be u s e d , and for p r o g r a m m i n g 

Fig. 1. Block Diagram of IPL-VC System c o n v e n i e n c e , t h e h a r d w a r e could be 

In/Out Channels 

3607 

In/Out 
Equipment 



made to appear like a CDC type 3682 satel l i te coupler . However, the 
actual ha rdware would be much s impler since no actual data t ransfe r 
would take place through the coupler , other than a s ix-bi t piece of informa­
tion which could be c a r r i e d by the flags. Thus, when the l i s t -p rocess ing 
p r o c e s s o r wished the 3604 p r o c e s s o r to do something, it would in te r rup t 
the 3604 p r o c e s s o r by an in t e r rup t from a par t icu la r equipment on a pa r ­
t icular data channel. By performing a copy status ins t ruct ion from that 
equipment, the 3604 would l ea rn from the bit a r r angemen t of the flags 
what it was being asked to do. When the 3604 had finished i ts operat ions , 
it would effectively in te r rup t the l i s t -p rocess ing p roces so r and tell it to 
continue, by setting one of the flags in the satel l i te coupler with a function 
ins t ruct ion. 

III. USERS' VIEW OF THE SYSTEM 

The IPL-V p r o g r a m m e r •would code his p r o g r a m and have his ca rds 
punched identically to the ones used for input to p resen t -day IPL-V s imu­
l a to r s , as specified in Ref. 2. The a s s e m b l e r and control p r o g r a m s will 
probably have two levels of development. The f i r s t will be a two-s tage 
p r o c e s s in which the a s s e m b l e r p r o g r a m will be run under the SCOPE 
monitor job sys tem. The output of the a s s e m b l e r p r o g r a m would be a 
l ist ing of the a s sembled p rog ra m, with any e r r o r s indicated, and a binary 
magnet ic tape, which would be the complete contents of the magnetic core 
m e m o r y for the ini t ia l state of the I P L - V C machine . This p r o g r a m would 
be run without the p resence of the SCOPE monitor , and the f i rs t r e co rd 
would be autoloaded into the CDC-3600 memory . This r eco rd would then 
effectively boo t s t r ap all the ac tual I P L - V code into memory and s t a r t the 
Lis t P r o c e s s o r . The s tar t ing a d d r e s s would be placed by the 3604 in the 
c u r r e n t routine a d d r e s s l is t HI (this l i s t s t a r t s at a fixed location), and 
the 3604 would signal the Lis t P r o c e s s o r (via the sate l l i te coupler) to 
s t a r t . The 3604 would then halt , and the List P r o c e s s o r would have full 
usage of memory . When the Lis t P r o c e s s o r requi red the attention of the 
3604, e i ther to pe r fo rm a P r i m i t i v e , or because the end of a p r o g r a m had 
been reached, it would in t e r rup t the 3604, which would s t a r t running again. 
Normal ly the 3604 would pe r fo rm what was asked of it before handing con­
t ro l back to the Lis t P r o c e s s o r and halting itself again. Input and output 
of information to and from the outside world would take place jus t as with 
the I P L - V s imula to r . 

The second p r o g r a m development would probably be to incorpora te 
both the a s s e m b l e r and the running of the actual IPL-V p r o g r a m under one 
job in the SCOPE monitor sys t em. 



IV, WORD FORMAT AND INSTRUCTION SET 

The formats of the types of words used throughout IPL-V e x p r e s ­
sions a re shown in Fig, 2, The s tandard IPL word is a Symbol (some 
memory address ) , its type (given by P and Q), and a Link address which 
indicates where the next i tem in the l i s t is to be found. Figure 2a shows 
the bit al location that would be used in the CDC-3600. Eighteen bits a r e 
allowed for address ing, but only the lower 16 bits a re needed to address 
a 64K memory . The upper two bits will be unused initially, but these bits 
may be used la ter to direct ly address auxil iary s torage, perhaps after the 
manner of the F e r r a n t i Atlas computer . Three bits each represen t P and 
Q, and their labeling of the word type would be the same as in the IPL-V 
manual . The other six bits in a word a r e unused. 

a. Standard I PL Word 

47 44 41 23 17 0 

p Q SYMBOL NU LINK 

b. Data Terms 

47 44 41 0 
p | Q | DATA 

Q - 1 
P = 0 Integer 
P " 1 Floating point 
P = 2 Alphanumerical 
P = 3 Octal 

c. Instruction 

47 44 41 23 17 0 
p Q SYMBOL NU LINK 

P is operation code. 
Q is designation code. 
Symbol Is name of routine or a Primitive. 
NU means not used. 

A data word allows 39 bits for the data (either integer or floating 
point representa t ion allowed), and uses the same P and Q bits as al l other 
words to indicate the type of data contained in the word. 

An instruct ion word contains the three-b i t operation code (P), the 
th ree -b i t designator (O), and the 18-bit Symbol and Link fields. When 
P = 0, the Symbol par t of the instruct ion will indicate a Pr imi t ive , if it is 
less than the address 128, and the name of a routine or a programmed 
pr imi t ive , if it is 128 or g rea t e r . In the IPL-VC hardware , the Pr imi t ives 
then a r e divided into the following three groups: 

a) 0 to 63: P r imi t ives actually executed by the hardware . 

b) 64 to 127: P r imi t ives wholly or partly executed by the 
3604 ar i thmet ic p roces so r . 

c) 128 upwards: The p rogrammed Pr imi t ives and all p r o g r a m m e r 
rout ines. 

Fig, 2 

Word Forma t s 
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In the programmer's punched card input to the assembler, the IPL-V in­
structions would have their normal J notation as designated in the manual. 
Internal to the IPL-VC system, the instructions would in general have dif­
ferent numbers to make it easy to detect the type of Primitive, Figure 3 
shows the way this decoding would take place within the 18 address bits of 
a Symbol. 

41 3130 29 24 

I I I I T h e J - P r i m i t i v e s d e s c r i b e d i n Ref . 2 
If bits 41 through 31 are zero and are listed in Table I, together with how they 

b i t 3 0 . 0 : Basic hardware Primitive w°^l^ ^ ^ executed, H denotes that these Primi-
executed in List Processor tives would be executed in the List Processor 

b i t 3 0 - i : Basic Primitive executed as a programmed routine, using those routines 
in 3604 Processor designated by H; C denotes execution of a P r i m i -

- . . , „ , , . , tive in the 3604 processor . The double designa-
Fig. 3. Symbol Interpretation ° 

in an Instruction tion, CH, is used to indicate that some Pr imi t ives 
will need some l is t -process ing "bookkeeping," 
A question mark following an entry indicates 

that there is doubt whether this will or should be executed by the IPL-VC 
system. The Pr imi t ives l is ted with a question mark fall into the following 
two categor ies : 

a) Those that will not be allowed. No monitoring system would 
be built into the hardware so that the monitor Primitives 
(J147 to J149) would have no meaning. 

b) Those that may be allowed. These are the generator house­
keeping Primitives, An individual can program his own sub­
routine processes, and there is some doubt as to the need for 
the generator process. 

Jl 
J2 
J3 
J4 
J5 
J6 
J7 
J8 
J9 
JIO 
Jll 
J12 
J13 
J14 
J15 
J16 
Jl? 
J18 
J19 

H 
H 
H 
H 
H 
H 
H 
H 
H 
P 
P 
P 
P 
P 
P 
C 
? 
? 
9 

H: Ha 

J2n 
J3n 
J4n 
J5n 
J60 
J61 
J62 
J63 
J 64 
J65 
J66 
J67 
J68 
J69 
J70 
J71 
J72 
J73 
J74 

HOW" THE J 

P 
P 
P 
P 
H 
P 
P 
H 
H 
P 
P 
P 
H 
P 
P 
P 
P 
P 
P 

rdware executed; 

J75 
J76 
J77 
J78 
J79 
J8n 
J90 
J9n(n/0) 
JlOO 
JlOl 
J102 
J103 
J104 
J105-
J109 
JllO 
Jill 
J112 
J113 

P: P 

8 

Table I 

PRIMITIVES ARE EXECUTED 

H 
P 
P 
H 
H 
P 
H 
P 
? 
? 
9 

NU 
NU 
9 

NU 
CH 
CH 
CH 
CH 

J114 
J115 
J116 
J117 
J118 
J119 
J120 
J121 
J122 
J123 
J124 
J125 
J126 
J127 
J128 
J129 
J130 
J131 
J132 

rogram executed; C: 

CH 
CH 
CH 
CH 
CH 
CH 
C 
CH 
C 
C 

c 
c 
CH 
H 
CH 
CH 
H 
H 
H 

3604 

J133 
J134 
J135 
J136 
J137 
J138 
J139 
J140 
J141 
J142 
J143 
J144 
J145 
J146 
J147 
J148 
J149 
J150 
J151 

H 
H 
NU 
H 
H 
H 
NU 
C 

c 
c 
c 
c 
c 
c 
? 
? 
9 

c 
c 

executed; NU: Not 

J152 
J153 
J154 
J155 
J156 
J157 
J158 
J159 
J160 
J161 
J162 
J163 
J164 
J165 
J166 
J167 
J168 
J169 
J170 

used. 

c 
C 
C 
C 
C 
C 
C 
C 
C 

c 
NU 
NU 
NU 
9 

? 
? 
NU 
NU 
9 



V. HARDWARE ORGANIZATION 

The Regis te r organizat ion of the List P r o c e s s o r is shown in Fig . 4 
This d iagram indicates all the r e g i s t e r s required, but no control is shown. 
There a r e two 38-bit r e g i s t e r s , A and B; the former receives i ts input 
from memory , while the la t te r t r ansmi t s its output to memory . Special 
s ing le -address r e g i s t e r s indicate the head address of the Communication 
Lis t HOA, the head addres s of the Available Space List ASL, the Next 
Instruct ion Address NIA, and a Memory Regis ter MR, which defines the 
addres s at which the cu r r en t Read or Write operation is to take place. 
Two other shor t r e g i s t e r s a r e requi red , one to indicate the cur ren t ha rd ­
ware Pr imi t ive that is being performed; the other would be a single-bit 
r eg i s t e r which is rea l ly H5 and is used to encode and re ta in tes t r e su l t s . 

From Memory 

i 
APQ AS AL 

38 
A Register 

Instruction 

H5 

BPQ BS BL 

I 
To Memory 

38 
B Register 

HOA 

ASL 

NIA 

MR 

16 

16 

16 

16 

Fig. 4. Reg i s t e r s in IPL-VC List P r o c e s s o r 

In p rac t ice , the hardware would execute the following functions, 
other than the bas ic hardware P r i m i t i v e s , as if they were P r imi t ives : 

1. The operat ions with IP f 0. 

2. The special case of P = 3 or 4, and the synabol is HO. 

3. Restor ing and P re se rv ing of cu r ren t routine address l ist HI. 

Table II shows the actual instruct ion set of the l is t p rocessor . 



Table II 

INSTRUCTION SET 

Miscellaneous 

Restore HI 
Preserve HI 
P = 1 
P = 2 
P = 3 
P = 3HO' 
J8 
P = 4 
P = 4HO 
P = 5 
P = 6 
P = 7 

*Add one for in 
Add one cycle 
One cycle = 1 

Octal 
Operation 

Code 

10 
11 
01 
02 
03 
12 

04 
13 
05 
06 
07 

Memory 
Cycles for 
Execution* 

5 
4 
2 
5 
5 
2 

4 
2 
2 
3 
0 

struction fetch cycle. 
for Q = 1, 
- 1/2 jusec. 

and two c ycles 

J No. 

0 
1 
2 
3 
4 
5 
6 
7 

9 
60 
63 
64 
68 
75 
78 

79 
90 
127 
130 
131 
132 
133 
134 
136 
138 
200 
201 
202 

for Q = 2, 

Octal 
Operation 

Code 

70 
20 
21 
71 
72 
73 
22 
74 
23 
24 
25 
26 
27 
30 
50 
51 
31 
32 
60 
52 
61 
53 
62 
54 
55 
75 
76 
14 

Memory 
Cycles for 
Execution* 

0 
2+ 
3 
0 
0 
0 
5 
0 
3 

2, 5, or 6 
7 

7 or 8 
5 or 8 

5 
3 
3 
5 
4 
2 
3 
2 
3 
2 
2 
2 
0 
0 
6 

J No. 
Executed 
in 3604 

16 
110 
H I 
112 
113 
114 
115 
116 
117 
118 

119 
120 
121 
122 
123 
124 
125 
126 
128 

129 
137 
140 
141 
142 
143 
144 
145 
146 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

161 
165 
166 
167 

Octal 
Operation 

Code 

120 
130 
131 
132 
133 
134 
135 
136 
140 
141 
142 
160 
122 
161 
162 
163 
164 
165 
123 
166 
167 
170 
171 
150 
151 
172 
173 
174 
152 
153 
154 
155 
175 
176 
143 
144 
145 
146 
156 

157 
121 
124 
167 

VI. LOGICAL DESIGN OF THE IPL-V PROCESSOR 

The basic principle of the hardware construction would be of the 
dc synchronous logic type. The complete sequence that would take place 
during the execution of an ins t ruct ion is shown in Fig, 5, The operations 
in Fig. 5 a re divided into the following two phases: 
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Designator Phase 

Memory Read 

Is Aq = 0? 

Yes No' 
Is symbol HO? 

No 

Symbol 
toM 

Yes 

HOA 
toM 

Read into A. Reduce Q by 1. 

Restore HI 

Fig, 5. Instruct ion Sequence Chart 
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A. D e s i g n a t o r P h a s e 

The I P L - V m a n u a l d e s c r i b e s how Q in an i n s t r u c t i o n d e n o t e s 
the dep th of i n d i r e c t a d d r e s s i n g u s e d . Only v a l u e s of 0, 1, and 2 a r e a l ­
lowed ( the o t h e r v a l u e s of Q a r e c o n c e r n e d wi th m o n i t o r i n g and a r e m e a n ­
i n g l e s s in I P L - V C ) . In the D e s i g n a t o r p h a s e , m e m o r y i s r e a d u s ing the 
c o n t e n t s of the S y m b o l p o r t i o n of the i n s t r u c t i o n as the a d d r e s s , and Q i s 
r e d u c e d by one e a c h t i m e un t i l z e r o . If Q was in i t i a l ly z e r o , then no m e m ­
o r y r e f e r e n c e would be m a d e and the i n s t r u c t i o n would p a s s in to the O p e r a ­
t ion p h a s e . W h e t h e r HO i t s e l f i s b e i n g a d d r e s s e d m u s t be d e t e c t e d ; in tha t 
c a s e , HOA i s s e n t to MR. In add i t i on , a t the s t a r t of the D e s i g n a t o r p h a s e , 
the Link a d d r e s s of the i n s t r u c t i o n is s e n t to NIA, 

B . O p e r a t i o n P h a s e 

D u r i n g the O p e r a t i o n p h a s e , the h a r d w a r e P r i m i t i v e s a r e a c ­
tua l ly e x e c u t e d , p l u s s o m e s p e c i a l s e q u e n c e of e v e n t s which , to the h a r d ­
w a r e , look j u s t l ike o t h e r i n s t r u c t i o n s . The fol lowing i s a l i s t of what m a y 
o c c u r d u r i n g the O p e r a t i o n p h a s e : 

a) T h e o p e r a t i o n c a l l e d for by P / 0. 

b) T h e e x e c u t i o n of a h a r d w a r e P r i m i t i v e if P = 0. 

c) T h e p r e p a r a t i o n for the 3604, the o p e r a t i o n of the 3604, 
and any f u r t h e r l i s t " b o o k k e e p i n g " a f t e r the 3604 h a s f in i shed , if the P r i m i ­
t ive w a s an a r i t h m e t i c o r I n p u t / O u t p u t t y p e . 

d) T h e p r e s e r v a t i o n of H I , and the s t o r i n g away of NIA, if a 
r o u t i n e i s n a m e d wi th P = 0. 

e) T h e r e s t o r i n g of HI and output to NIA, if a r o u t i n e h a s j u s t 
t e r m i n a t e d . 

A fe tch a c t i o n o c c u r s at the end of e a c h O p e r a t i o n p h a s e . 

The a d d r e s s in NIA would be e x a m i n e d and the a p p r o p r i a t e 
a c t i o n t a k e n . The fo l lowing p o s s i b i l i t i e s a r i s e : 

a) NIA = 0, and a " R e s t o r e H I " i n s t r u c t i o n had j u s t b e e n 
p e r f o r m e d . Then , the L i s t P r o c e s s o r would ha l t and i n f o r m the 3604 tha t 
i t had c o m p l e t e d t h e p r o g r a m . 

b) NIA = 0, and a " R e s t o r e H I " was no t the l a s t i n s t r u c t i o n . 
T h e n a " R e s t o r e H I " i n s t r u c t i o n would be s e t up, and the O p e r a t i o n p h a s e 
would be r e - e n t e r e d . 

c) NIA = a h a r d w a r e P r i m i t i v e . NIA would be t r a n s f e r r e d to the func­
t ion r e g i s t e r and t h e n s e t to z e r o . The O p e r a t i o n p h a s e would be r e - e n t e r e d . 
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d) NIA = no special case . Then NIA is sent to M, the next 
ins t ruct ion is requested, and a new instruct ion sequence is entered. 

The control sequencer would essent ial ly be a two-pulse sys tem in 
which the f i rs t of the pair of pulses has two functions, namely to move a 
byte or bytes of data around in the IPL-V p rocesso r and to decide the type 
of memory cycle that would be called for by the second pulse. The second 
pulse would do one of the following four things: 

a) Request read memory action (memory data sent to Regis ter A). 

b) Request wri te memory action (contents of Regis ter B wri t ten 
into memory) . 

c) Return to f i rs t pulse (A and B unchanged). 

d) Termina te the cu r r en t phase. 

When the memory signalled that a or b was complete, then the f i rs t 
pulse would reappear ; for c and d the f i r s t of the pulse pair would r e a p ­
pear some shor t fixed tinne after the no-memory-ac t ion second pulse oc ­
cur red . A construct ion sheet which show^s the Operation phase for the 
hardware-executed Pr imi t ive J6 [ reverse (0) and (1)] is shown in Fig. 6. 

Instruction: J6 

HOA 

591 591 A 648 

648 I I B I 729 

729 

591 591 B 648 

648 

729 

729 

Cycle 

Start 

0 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

Pi Action 

HOA-M 

A L - M , A - B 

AL- BL 

HOA - M, AS - BS 

AL- BL 

'•w\j\y\j 

P2Type 

R 

R 

W 

R 

W 

T 

ASL 

M 

591 

648 

648 

591 

591 

Register A 

PQ S 

A 

B 

B 

A 

A 

L 

648 

729 

729 

648 

648 

Register B 

PQ S 

A 

A 

B 

B 

L 

648 

729 

729 

648 

R Request read memory action N Return to first pulse 
W Request write memory action T Terminate Operation phase. 

Before 

After 

EZ] rm Fig. 6 

Typical IPL-VC 
Operation Phase 
Sequence Sheet 
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VII. IMPLEMENTATION, COST, AND SPEED 

Since the Lis t P r o c e s s o r would be attached to the CDC-3600, the 
mos t convenient method of implementat ion would be to use the same 
p r in ted -c i rcu i t ca rd (PCB) as was used to build the CDC-3600 itself. The 
Control Data Corporat ion do not sel l their individual PCB, so a rea l i s t i c 
cost of the Lis t P r o c e s s o r is difficult to obtain, but it would probably be 
between $20,000 and $100,000. 

The speed of the execution of the hardware-executed Pr imi t ives is 
indicated in Table II; the footnote indicates the extra cycles to be added to 
r e p r e s e n t the complete ins t ruct ion t ime. In genera l , these speeds r e p r e s e n t 
at l eas t a tenfold i nc r ea se in speed of execution of the J P r imi t ives over 
that in the IPL-V Simulator on the CDC-3600. 

VIII. CONCLUSIONS 

Although a more useful and efficient informat ion-process ing lan­
guage than IPL-V could be developed, it does r ep re sen t a well-documented, 
working language f rom which much can be learned. The actual physical 
rea l iza t ion of an IPL-VC sys tem would provide both an education and an 
insight into the a r e a of information process ing that would probably lead to 
more useful further developments than if such a sys tem were only a paper 
design. 
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