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Summary—This paper gives a brief review of the design of the
machine GIER (42-bit words, 1-k core store, 12-k drum store, 50-
microsecond fixed point, 100-microsecond floating, add time) and its
programming systems. The principal subjects are: The order struc-
ture, the operating system, the ALGOL 60 system, an evaluation of
the order structure, the hardware organization, and the latest hard-
ware extensions, including a hybrid computer system.

I. INTRODUCTION

HE GIER is a computer originally developed as a
Tjoint project of the Geodetic Institute and the

Danish Institute of Computing Machinery (Regne-
centralen), both of Copenhagen, with the purpose of
providing a tool for solving problems of geodesy. How-
ever, subsequent to the completion of the prototype in
late 1961 a production was taken up at Regnecentralen
and by October, 1963, a total of 15 GIERs were in use
in research and educational centers in Denmark, Nor-
way, Germany, and France.

The present report reviews the highlights of the
machine with regard to logical structure, software,
and hardware. Sections II to IV, by Gram and Svej-
gaard, describe the order structure and operating sys-
tem, stressing particularly the extensive address modi-
fication facilities, the handling of conditional instruc-
tions, and the use of marks attached to data. Section V,
by Naur, describes the design of the ALGOL 60 system
written for the machine, giving particular attention to
the solutions adopted for overcoming the inconveniences
of the two levels of store. In Section VI Jensen evaluates
the order structure from the point of view of the com-
piler writer, starting from the techniques actually
employed in the ALGOL compiler. Section VII, by
Isaksson, describes the realization of the structure in
hardware, in particular the general register transport
organization and the system of microprograms used in
executing the machine instructions. Finally in Section
VIII, by Petersen, Jacobsen, and Hestvik, the latest
hardware extensions of the machine, including those for
controlling real-time processing, are discussed.

II. STRUCTURE OF GIER (FROM THE PROGRAMMER’S
PoINT OF VIEW)

A. Storage

GIER is a binary one-address computer with fixed
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word length. The ferrite core store is rather small, with
only 1024 cells, but is backed up by a magnetic drum
store with 12,800 cells, and it is possible to extend the
store with a 4096-word buffer store for external units
and with a 25,600-word drum (see Section VIII).
Also, commmunication with the drum store may be very
fast if the possibility for simultaneous drum transferand
calculation is exploited: A drum track of 40 words is
transferred in 20 msec of which about 19 msec can be
utilized for simultaneous calculations.

The word length is 42 bits and generally the cells are
used for storing full-word or half-word instructions, and
fixed-point or floating-point numbers, as shown in
Fig. 1 (next page).

B. Central Unit

The central unit contains a lot of registers a.o. for
handling the automatic address modifications, but for
the user only the registers listed in the diagram in Fig. 2
are of interest.

C. Peripheral Units

The standard equipment comprises an 8-channel
paper tape reader reading 1000 characters per second, an
8-channel paper tape punch punching 150 characters per
second, and a typewriter which is used for both input and
output.

The GIER computer.

Among the basic operations there is only one input
operation, reading one character at a time; correspond-
ingly there is only one output operation, printing or
punching one character at a time. The wanted periph-
eral unit (or units) is selected by a previous operation.
See also the list of operations, Fig. 3.
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01 39 40 41
Fixed-point | number with 1 bit before and 39 bits after the point I
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Floating-point l exponent I mantissa with 2 bits before and 28 bits after the point I 41
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Sign bit for Sign bit for Flagbits
the exponent the number
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Two half-word addr. const. 1| addr. const. 2 | oper. part 1 | addr. mod. 1 oper. part 2 laddr. mod.ZI 1 l J
instructions

T
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Floating-point modif. 0
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One full-word addr. const. | count. const. | oper. part I addr. modif. | oper. modif. indicator part I 0 J J
instruction

Full-word mark |

i

Floating-point modif.
Fig. 1—Utilization of a cell. The 42 bits are numbered from 0 to 41.

:
Name ﬁ?nﬁaesr Function |
Accumulator R 41 Keeps the result of all 4 basic arithmetical fixed-point operations. The result is kept with 2 bits

before the point. . :
Shift and normalization takes place here. '
Together with the multiplier register used as one long register for double precision multiplication
and division.
In floating-point mode the accumulator together with 10 bits of the multiplier register form the
floating-point accumulator.

Multiplier register M 40 Keeps the multiplier during fixed-point multiplication and the remainder after fixed-point division.

Index register p 10 The usual function of an index register.

Subroutine register s 10 Keeps the location of the last subroutine jump. Q
Indicator register 12 Keeps information about overflow, sign, zero-situation, and marking.

Track register 10 Keeps the address of the selected drum track.

Peripheral unit register 10 Keeps the numbers of the selected peripheral units.

Marking bits of accumulator| 2 Keeps the marking bits of the latest used operand.

Overflow register 1 Keeps information about overflow for the latest arithmetical operation.

Fig. 2—The name, size, and function for the registers of interest to the programmer.
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List oF OPERATIONS IN GIER
R is the accumulator. M is the multiplier register. (f) means that the operation can be floating-point modified.

Addition Jump
ar(f) add to R. hv
an{f) add abs. value to R. hh
ac add R to cell. hs
Subtraction hr
sr(f)  subtract from R.
sn(f) subtract abs. value from R.
sC subtract R from cell.
bs
Multiplication
mk(f) multiply M and cell and add to R. bt
ml multiply. Result in long register. ca
mt multiply R by sign of cell. nc
cm
Division
dk(f) divide R by cell.
dl divide long reg. by cell. it
nt
Shift : is
tk(f) shift in R, ns
tl shift in long register.
ck cyclic shift in R.
cl cyclic shift in long register K
nk(f) normalize in R. Vk
nl normalize in long register. Tk

Boolean operations

ab add Boolean.
mb multiply Boolean. vy
sy

Register and address setting ly
pm cell to M.

PP address to index register.

ps address to subroutine register. xr
pi address to indicator. Pattern of counting const. is a mask.
pa set count. const. as addr. const. in cell. d
pc set count. const. as count. const. in cell. 33
Storing
‘gr(f) store R in cell.

gm store M in cell.

ga store addr. const. of R in cell.

gt store count. const. of R in cell.

gl store indicator in cell.

gk store track register and peripheral unit register in cell.

MODIFICATIONS

Modification of basic operation

O<K™E

—

clear R before basic operation.

operate in floating-point mode (only 9 basic operations). N
exchange R and M after basic operation. L
skip next full word. M
direct modification: address is taken as an operand.

jump to left half, word (or full, word).

jump to right half, word (or full, word).

jump to subroutme Store subroutine register. Set loca-
tion of hs in subroutine register.

return jump. Restore subroutine reg.

Conditional operations

if address<count. const. then skip next instr. (address
does not include count. const.)

if address <count. const. then skip next instr.

+f addr. of R>%addr. of cell then skip next instr.

+f addr. of R=addr. of cell then skip next instr.

1f R=cell then skip next instr. Pattern of M is a mask.

Pseudo operations

use addr. as count. const. in next instr.

use negative addr. as count. const. in next mstr
use addr. as s-value in next instr.

use neg. addr. as s value in next instr.

Drum transfer

select drum track.
write on track.
read from track.

Peripheral unit functions

select peripheral unit(s). Pattern of count. const. is a mask,
write address as one character,
read one character to address part of R and cell.

Auxiliary operations

exchange R and M.

stop.

blind operation.

execute instruction in cell pointed out by the address.

Indicator operations

store overflow, zero situation, sign, or flag bits in indicator.
if indicator condition fulfilled tken skip basic operation.
1f indicator condition not fulfilled then skip basic operation.
set flagbits in cell.

Fig. 3—Operations and modifications of operations.




632

D. Storage of Numbers

GIER is built with two different modes of operation
in mind, namely fixed-point and floating-point mode.

Of the 42 bits of each cell the last two are used as
flagbits; this means that they do not take part in the
arithmetical operations but serve only administrative
purposes. The remaining 40 bits are used for storing a
number as follows:

A fixed-point number has 1 digit before and 39 digits
alter the point. Since negative numbers are represented
by their 2-complements, the fixed-point range is the in-
terval —1<x <1, and the sign of the number is shown
by the first bit, this being 1 for negative numbers and 0
otherwise.

A floating-point number has a 10-bits exponent part,
thus allowing exponents from —512 to 511. The remain-
ing 30 bits constitute the mantissa which is normal-
ized to one of the intervals —2<x< —1or 1<x<2. It
has thus 2 digits before and 28 digits after the point.

E. Instructions

Each cell can contain one full-word instruction or two
half-word instructions. The structure of these two types
of instructions is described in the sequel.

Half-word instruction: A half-word instruction oc-
cupies 20 bits of a cell, either pos. 0-9 and 20-29 or pos.
10-19 and 30-39, and consists of an operaton part and
an address part. The flag bit in pos. 40 shows whether the
cell contains one full-word or two half-word instructions.
The flagbit in pos. 41 is used to distinguish fixed-point
and floating-point mode for the arithmetic operations.
(Thus always both of the two half-word instructions in
one cell operate in the same mode.)

Operation part: The basic operation part of the in-
struction (in the external language written as two
letters) occupies pos. 20-25 or pos. 30-35 allowing for 64
different combination of which only 61 are utilized so
far. One bit (pos. 26 or 36) is used for the indication of
clearing the accumulator before performance of the
operation.

Address part: The remaining bits (pos, 0-9 and 27-29
or pos. 10-19 and 37-39) contain the address part in-
cluding several possibilities for address modification. If
none of the modifications are used the address constant,
an integer between 0 and 1023 stored in pos. 0-9 or 10-
19, is the address of the instruction in the usual sense.
Pos. 28-29 or 38-39 are used to indicate one of the
following three modifications.

r modification: The final address is the sum mod 1024
of the address constant and the contents of the control
counter, z.e., the address is calculated relative to the
location of the instruction.

p modification: The final address is the sum mod 1024
of the address constant and the contents of the index
register, 7.e., an index-modified address in the usual
sense. GIER has only one ordinary index register, but in
each cell pos. 0~9 may be used as an index register. (See
below under full-word instruction.)
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s modification: The final address is the sum mod 1024
of the address constant and the contents of the sub-
routine register. When a jump to a subroutine is per-
formed the address of the jump instruction is stored in
this register, and s-modified addresses are thus used in
subroutines for communication with the main program
especially for the return jump (and it is possible to use
an arbitrary number of levels of subroutines, see below).
If the subroutine register is not utilized this way it can
act like an ordinary index register.

The last bit (No. 27 or 37) indicates indirect address-
ing. This means that the final address is calculated from
the address part of that cell which the address of the in-
struction points out. Here the address of the instruction
means the address calculated as above included r, p, or
s modificaton. If the address part of the cell referred to
is also indirectly modified, this address is again referring
to a cell from which the final address is taken. There is
no limit on the number of links in such a chain of in-
direct addresses.

Indirect addressing is often useful when a stored
quantity is used many times. The address of the quan-
tity is calculated once, and all later references to that
quantity are made by means of indirect addressing.

Full-word instruction: A full-word instruction occupies
a whole cell and consists of an operation part, an address
part, a counting contant and an indicator part.

The flag bits in pos. 40-41 are used as above to dis-
tinguish between full-word and half-word instructions
and between fixed-point and floating-point operations.

Operation part: Besides pos. 20-26 which are utilized
exactly as for a half-word instruction the operation part
of a full-word instruction comprises pos. 30-32. The
contents of these bits indicate three independent modi-
fications of the operation:

1) Exchange modification which means that the con-
tents of the accumulator and the multiplier register are
exchanged after the performance of the basic operation.
This modification is often useful in connection with
multiplications (where the multiplier has to be placed
in the multiplier register) and when using the multiplier

register as a working location.

2) Skip modification which means that the cell after
the instruction is skipped and GIER continues with the
instruction (instructions) in the second cell after the cell
with the skip modified instruction. This device may be
utilized when a single cell in a program is wanted as a
working store, but is more important when used in
connection with conditional instructions because it is
very easy to make small local branchings in a program
without proper jump instructions.

3) Direct modification which for the arithmetical
operations means that the final address itself is used as
the operand instead of referring to the cell where the
operand is found. This modification is mainly used in
connection with the address calculations and address
administration of a program. Used in a storing operation
the direct modification means that the storing takes
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place in pos. 0-9 of the cell which contains the instruc-
tion, and hence it may change the address constant of
the instruction. (If the address of the storing instruc-

tion is indirect modified the storing takes place in that’

cell which contains the final address part, see above:
indirect addressing.)

The address part has the same structure and signifi-
cance as in a half-word instruction except for the influ-
ence of the counting constant.

The counting constant is an integer between 0 and 1023
and it is stored in pos. 10-19. In most of the operations
it has the following two effects: a) The final address is
the sum of the counting constant and the amount from
the address part (calculated as above). b) The address
constant of the instruction is increased with the counting
constant. This means that the address constant acts
nearly as an index register; each time the instruction is
performed the final address is automatically increased
with the same number, namely the counting constant.

If the address part of the instruction is indirectly
modified the counting constant is added to the address
constant of that instruction from which the final ad-
dress is calculated.

In a few administrative operations the counting con-
stant has a different effect. For details see reference
[1].

Indicator part: The indicator part of an instruction
may be thought of as a subsidiary operation or a
modification of the basic operation. There are three
types of indicator operations but in each instruction
there is only room for one indicator part. The three
types are the following:

1) An indicator-setting operation which can be used
in connection with any arithmetic operation—and in
certain cases other operations too—for storing informa-
tion in the indicator register. This indicator register con-
tains 12 bits of which two named KA and KB can be set
only from the control panel. The remaining bits are
used for storing certain information about the result
of arithmetical operations, namely, occurrence of over-
flow, the sign of the result, whether the result is zero or
not, or the flagbits of the operand. Each basic instruc-
tion can have only one indicator operation and can
store only one of the informations mentioned above.

2) A mark-storing operaton which can be used in con-
nection with any of the normal storing operations for
setting the flagbits of a cell. (A normal storing operation
does not affect the flagbits of the cell.) The marking
thus set may depend on the contents of the indicator
register.

3) A conditionalizing operation which can be used in
connection with azny instruction to make it conditional.
By means of this type of indicator part, the performance
of any instruction can depend on the temporary state
of the accumulator or on the contents of the indicator
register. In the first case it may depend on the sign, the
overflow, the zero situation in the accumulator, or on
the flagbits of the last used operand. In the second
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case it may depend on the same sorts of information
stored in the indicator register at an earlier stage of the
program, or it may depend on the contents of the two
bits KA and KB. KA and KB are thus two operator-
controlled sense switches in the usual sense.

If an instruction has a conditionalizing indicator part,
GIER starts by examining the relevant condition. If it
is fulfilled, the instruction is performed; otherwise, the
instruction is skipped and GIER continues with the
following instruction.

I11. LisT oF OPERAT IONS

A. Comments to the List

Fig. 3 contains a list of all the basic operations, the
possible modifications, and the indicator operations.
The notaton used is that of the input language SLIP
(see Section IV-B). In Section III-C some examples of
programming are found, and here only a few comments
on some of the peculiarities will be made.

In fixed-point mode all arithmetical operations are
carried out with two bits before the point, and hence it
is possible to operate in the interval —2<t<2, but only
to store numbers between —1 and +1.

It is possible both to add and subtract directly in
storage (the operations ac and sc).

The multiplication operations mk, ml can perform
accumulating multiplication. For the operations ml, dl,
nl, tl, cl the accumulator R and the multiplier register
M act as one long register with two digits before and 78
digits after the point (the register is denoted RM).

The shift operations tk, tl can shift both right and
left. The normalization operations nk, nl, which nor-
mally shift to the left, may in case of overflow shift to
the right, thus facilitating the handling of results with
overflow.

The floating-point version of tk and nk are especially
designed for the conversion of numbers between fixed-
point and floating-point mode.

In the operation pi (store in indicator register) the
binary pattern of the counting constant in the instruction
acts as @ mask which may keep some bits in the indicator
unaltered. This is very useful because the indicator often
is used as 10 independent 1-bit registers. The same
masking effect occurs for the vy operation, because in
the external unit register also, the bits may be used
independently for selecting different external units.

There is no conditional jump in the classical sense be-
cause each and every instruction can be conditional by
means of an indicator part.

Correct use of the jump instructions hs and hr makes
it easy to program with arbitrary many levels of sub-
routines: The hs jump to a subroutine stores the old con-
tents of the subroutine register and sets its own loca-
tion in the register; hence the instruction hr s+1 per-
forms a return jump to the instruction just after the hs
jump, and furthermore the subroutine register is re-
stored.






















































